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Description 

[0001] This invention relates to adenosine kinase inhibitors and to novel nucleoside analogs, specifically to purine, 
pyrrolo(2.3<J] pyrimidine and pyrazolo[3.4-d]pyrimidine nucleoside analogs having activity as adenosine kinase inhib- 
5 itors. The invention also relates to their preparation and the use of these and other adenosine kinase inhibitors in the 
treatment of cardiovascular, and cerebrovascular diseases, inflammation and other diseases which can be regulated 
by increasing the local concentration of adenosine. 

BACKGROUND OF THE INVENTION 

10 

[0002] Adenosine has been reported to have cardioprotective (Olafsson et al. , Circulation , 1 987, 76: 1 1 35-1 1 45) and 
neuroprotective properties (Dragunow and Faull, Trends in Pharmacol. Sci.. 1 988, 9: 1 93; Marangos, Medical Hypoth- 
esis, 1990,32.:45). It is reportedly released from cells in response to alterations in the supply of or demand for oxygen 
(Schrader, Circulation, 1990, 62:389-391), is said to be a potent vasodilator, and is believed to be involved in the 
metabolic regulation of blood flow (Berne, Circ. Res., 1980, 47:808-61 3). However, adenosine has a short half life (< 
1 sec) in human blood (Moser, et aL, Am. J. Physiol. . 1989, 256:C799-C806), and therefore high doses of adenosine 
would need to be administered continuously to achieve effective levels. Adenosine has been reported to exhibit negative 
inotropic, chronotropic and dromotropic effects (Belardlnelli et al.. Prog, in Cardiovasc. Diseases. 1989, 32:73-97) and 
to cause coronary steal by preferentially dilating vessels In nonischemic regions. Consequently, high doses of adeno- 
20 sine are toxic and severely limit Its therapeutic potential. However, it is believed that by increasing adenosine concen- 
tration locally, i.e. at the target site within the target tissue, the beneficial effects of adenosine can be provided without 
the toxic systemic effects. 

[0003] Adenosine kinase is a cytosolic enzyme which catalyzes the phosphorylation of adenosine to AMR Inhibition 
of adenosine kinase can potentially reduce the ability of the cell to utilize adenosine, leading to Increased adenosine 
2S outside of the cell where It is pharmacologically active. However, the regulation of adenosine concentration is complex 
and involves other adenosine-metabolizing enzymes each with different kinetic properties and mechanisms of regula- 
tion. Adenosine can also be deaminated to inosine by adenosine deaminase (ADA) and condensed with L-homo- 
cysteine to S-adenosylhomocysteine (SAH) by SAH hydrolase. The role of each of these enzymes in modulating ad- 
enosine concentration is dependent on the prevailing physiologrcal conditions, is tissue specific and is not well under- 
go stood. 

[0004] A number of nucleosides including purine, pyrrolo[2,3-d]pyrimidine and pyrazolo[3,4-d]pyrimidine analogs 
have been evaluated for Inhibition of adenosine kinase but were reported to have Kj's of greater than 800 nM (Caldwell 
and Henderson Cancer Chemother. Rep., 1971 2:237-246; Miller et al., J. Biol. Chem.. 1979, 254:2346-2352). A few 
compounds have been reported as potent inhibitors of adenosine kinase with Kj's of less than 100 nM. These are the 

3S purine nucleosides, 5'-amino-5'-deoxyadenosine (Miller et al.. J. Biol. Chem. . 1979, 254: 2346-2352) and 1,12-bis(ad- 
enosin-Ne-yl)dodecane (Prescott et al., Nucleosides & Nucleotides. 1989, 8:297), and the pyrrolopyrimidine nucleo- 
sides, 5-iodotubercldln (Henderson et al.. Cancer Chemotherapv Rep. Part 2. 1972, 3:71-85; Bontemps et al.. Proc. 
Natl. Acad. Sci. USA. 1983, 80:2829-2833; Davies et al., Biochem. Pharmacol.. 1986, 35:3021-3029) and 5'-deoxy- 
5-iodotubercidin (Davies et al., Biochem. Pharmacol.. 1984, 33:347-355; Davies et al., Biochem. Pharmacol., 1986, 

40 35:3021-3029). 

[0005] Some of these compounds have been used to evaluate whether adenosine kinase inhibition might lead to 
increased extracellular adenosine concentrations. In rat cardiomyocytes, Inhibition of adenosine deaminase by 2'- 
deoxycoformycin was reported to have no effect on adenosine release from the cells. In contrast, inhibition of ADA 
together with adenosine kinase by 5'-amino-5'-deoxyadenosine resulted in a 6-fold increase in adenosine release 

45 (Zoref-Shani et al.. J. Mol. Cell. Cardiol.. 1988, 20:23-33). The effects of the adenosine kinase inhibitor alone were 
not. reported. Similar results were reported in isolated guinea pig hearts; in these studies addition of 5'-amino-5'- 
deoxyadenosine to the perfusion medium, in the presence of EHNA to inhibit deamination," was reported to result in a 
15-fold increase of adenosine release (Schrader in Regulatory Function of Adenosine; (Berne et al.) eds. pp. 1 33-1 56, 
1983). These effects were not apparent In the absence of ADA inhibition and other studies using isolated rat hearts 

50 perfused with 5-iodotubercidin alone, have reported no increase in perfusate adenosine concentration under normoxic 
conditions (Newby et al. , Biochem. J.. 1 983, 214:31 7-323) or under hypoxic, anoxic or ischemic conditions ( Achtenberg 
et al.. Biochem. J.. 1986. 235:13-17). In other studies, adenosine release has been measured in neuroblastoma cells 
in culture and compared with that of a variant deficient in adenosine kinase (AK*). The AK" cells used in this study were 
said to release adenosine at an accelerated rate; the concentration of adenosine in the growth medium was reported 

55 to be elevated compared to the normal cells (Green, J. Supramol. Structure. 1980, 13: 175-182). In rat and guinea pig 
brain slices, adenosine uptake was reportedly inhibrted by the adenosine kinase inhibitors, 5-iodotubercidin and 5'- 
deoxy-5-iodotubercidin (Davis et al.. Biochem. Phamiacol.. 1984, 33:347-355). However, inhibition of uptake and in- 
tracellular trapping via phosphorylation does not necessarily result in increased, extracellular adenosine, since the 
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adenosine could enter other metabolic pathways or the percentage of adenosine being phosphorylated could be In- 
significant compared to the total adenosine removed. 

[0006] The effects of adenosine and certain inhibitors of adenosine catabolism, including 5-iodotubericidin were 
evaluated in an experiemental model in which dog hearts were subjected to ischemia and reperf usion; 5-iodotubericidin 

5 was reported to have inconsistent effects. (Wu, et al.. Cytobios, 1987, 50:7-12). 

[0007] Although the adenosine kinase inhibitors, 5'-amino-5'-deoxyadenosine and 5-iodotubercidin have been widely 
used in experimental models, the susceptibility of 5'-amino-5'-deoxyadenosine to deamination, and hence its potentially 
short half life, and the cytotoxicity of 5-iodotubercidin make their clinical utility limited and may limit interpretations- 
based on these compounds. The pyrrolo[2,3-d]pyrimidines, 5-iodotubercidin and 5'-deoxy-5-iodotuberctdin have been 

10 reported to cause pronounced general flaccidity and much-reduced spontaneous locomotor activity in mice, interpreted 
to be skeletal muscle relaxation; to cause hypothermia in mice; and to decrease blood pressure and heart rate in 
anesthetized rats (Daves et al.. Blochem. Pharmacol.. 1984, 33:347-355; Daves et al., Biochem. Pharmacol.. 1986, 
35:3021 -302g; U.S. Patent No. 4.455.420). The skeletal muscle effects of these compounds have been poorly docu- 
mented, while the other effects were considered significant toxicities. It is believed that studies using these compounds 

IS were curtailed due to these toxicities and also because of their limited availability 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to novel compounds which are potent and selective adenosine kinase in- 

20 hibitors. 

[0009] In one aspect, the present invention is directed to certain novel compounds which inhibit adenosine kinase, 
to the preparation of these compounds, and to the jn vitro and ]n vivo adenosine kinase inhibition activity of these 
compounds. Another aspect of the present invention is directed to the clinical use of adenosine kinase inhibitors as a 
method of increaslng-adenosine concentrations in biological systems. In vivo inhibition of adenosine kinase prevents 
25 phosphorylation of adenosine resulting in higher local concentrations of endogenous adenosine. As a result of the very 
short half-life of adenosine and very low quantities of adenosine in tissues, this effect is most pronounced In regions 
producing the most adenosine such as ischemic regions. Hence, the beneficial effects of adenosine are enhanced in 
a site and event specific manner and toxic systemic effects are reduced. 

[0010] In particular, in one preferred aspect, the present invention is directed to novel nucleoside analogs which 

30 comprise a 5'-modif led ribose linked to a substituted purine, pyrrolo[2,3-d]pyrlmidine, or pyrazolo[3,4-d]pyrimidine base. 
Certain preferred compounds within these groups possess potencies many times greater than previously described 
inhibitors of adenosine kinase. The compounds of the present invention possess advantages for pharmaceutical use 
such as enhanced pharmacologrcal selectivity, efficacy, btoavailability, ease of manufacture and compound stability. 
This invention also discloses novel processes for the preparation of these compounds. 

35 [0011] The novel compounds of the present invention and other adenosine kinase inhibitors may be used clinically 
to treat medical conditions where an increased localized adenosine concentration is beneficial. Accordingly the present 
invention is directed to the prophylactic and affirmative treatment of ischemic conditions such as myocardial Infarction, 
angina, percutaneous transluminal coronary angiography (PTCA), stroke, other thrombotic and embolic conditions, 
neurological conditions such as seizures and psychosis, and other conditions benefitted by enhanced adenosine levels 

40 such as inflammation, arthritis, autoimmune diseases, cardiac arrhythmias, ulcers and irritable bowel syndrome. These 
compounds are useful as muscle relaxants and also in inducing sleep and in treating anxiety. 
[0012] The present invention is also directed to prodrugs and phamnaceutically acceptable salts of the compounds 
described herein and to pharmaceutical compositions suitable for different routes of drug administration and which 
comprise a therapeutically effective amount of an adenosine kinase inhibitor compound described herein admixed with 

45 a pharmacologically acceptable carrier or diluent. 

Definitions 

[001 3] In accordance with the present invention and as used herein, the following terms, are defined with the following 

50 meanings, unless explicitly stated othenwise. 

[0014] The term "hydrocarbyl" refers to an organic radical comprised of carbon chains to which hydrogen and other- 
elements are attached. The term includes alkyi, aikenyl. alkynyl and aryl groups, groups which have a mixture of 
saturated and unsaturated bonds, carbocyclic rings and includes combinations of such groups. It may refer to straight- 
chain, branched-chain cyclic structures or combinations thereof. 

55 [001 5] The term "aryl" refers to aromatic groups which have at least one ring having a conjugated pi electron system 
and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, all of which may be optionally substituted. 
[001 6] Carbocyclk; aryl groups are groups wherein the ring atoms on the aromatic ring are carbon atoms. Carbocyclic 
aryl groups include monocyclk: carbocyclic aryl groups and optionally substituted naphthyl groups. 
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[0017] The term "monocyclic carbocyclic aryl" refers to optionally substituted phenyl, being preferably phenyl or 
phenyl substituted by one to three substituents. such being advantageously lower alkyl. hydroxy, lower alkoxy. lower 
alkanoyloxy, halogen; cyano, trihalomethyl, lower acylamino or lower alkoxycarbonyl. 

[0018] "Optionally substituted naphthyl* refers to 1- or 2-naphthyl or 1- or 2-naphthyl preferably substituted by lower 

5 alkyl, lower alkoxy or halogen. 

[0019] Heterocyclic aryl groups are groups having from 1 to 3 heteroatoms as ring atoms in the aromatic ring and 
the remainder of the ring atoms carbon atoms. Suitable heteroatoms include oxygen, sulfur, and nitrogen, and suitable 
heterocyclic aryl groups include furanyl. thienyl, pyridyl, pyrrolyl. N-lower alkyl pyrrolo. pyrimidyl. pyrazinyl. imidazolyl. 
and the like, all optionally substituted. 

10 [0020] Optionally substituted furanyl represents 2- or S-furanyl or 2- or 3-f uranyl preferably substituted by lower alkyl 
or halogen. 

[0021] Optionally substituted pyridyl represents 2-. 3- or 4-pyridyl or 2-, 3- or 4-pyridyl preferably substituted by lower 
alkyl or halogen. 

[0022] Optionally substituted thienyl represents 2- or 3-thienyl, or 2- or 3-thlenyl preferably substituted by lower alkyl 
IS or halogen. 

[0023] The term "biaryl" represents phenyl substituted by carbocyclic aryl or heterocyclic aryl as defined herein, 
ortho, meta or para to the point of attachment of the phenyl ring, advantageously para; biaryl is also represented as 
the -CqH^-At substituent where Ar Is aryl. 

[0024] The term "aralkyi" refers to an alkyl group substituted with an aryl group. Suitable aralkyi groups include 
20 benzyl, picolyl, and the like, and may be optionally substituted. 

[0025] The term "lower" referred to herein in connection with organic radicals or compounds respectively defines 
such with up to and including 7, preferably up to and including 4 and advantageously one or two carbon atoms. Such 
groups may be straight chain or branched. 

[0026] The terms (a) "alkyl amino", (b) "arylamino", and (c) "aralkylamino". respectively, refer to the groups -NRR 
25 wherein respectively, (a) R is alkyl and R' is hydrogen or alkyl; (b) R is aryl and R' is hydrogen or aryl, and (c) R is 
aralkyi and R* is hydrogen or aralkyi. 
[0027] The term "acyl" refers to hydrocarbyl-CO- or HCO-. 

[0028] The terms "acylamino" refers to RC(0)N(R)- and (RCOjgN-wherein each R is independently hydrogen or 
hydrocarbyl. 

* 30 ' [0029] The temi 'a-alkoxyalkylidene" refers to hydrocarbyl-O-CR (an orthoester) wherein R is hydrogen or hydro- 
carbyl. 

[0030] The term "hydrocarbyloxycarbonyloxy" refers to the group ROC(0)0- wherein R is hydrocarbyl. 
[0031] The term "lower carboalkoxymethyl" or "lower hydrocarbyloxycartDonymethyl" refers to hydrocarbylOC(O) 
CHg- with the hydrocarbyl group containing ten or less carbon atoms. 
35 [0032] The term "carbonyl" refers to -C(0)-. 

[0033] The term "carboxamide" or "carboxamido" refers to -CONR2 wherein each R is independently hydrogen or 
hydrocarbyl. 

[0034] The term "lower hydrocarbyl" refers to any hydrocarbyl group of ten or less carbon atoms. 
[0035] The term "alkyl" refers to saturated aliphatic groups including straight-chain, branched chain and cyclic groups. 
40 [0036] The term "alkenyl" refers to unsaturated hydrocarbyl groups which contain'at least one carbon-carbon double 
bond and includes straight-chain, branched-chain and cyclic groups. 

[0037] The term "alkynyl" refers to unsaturated hydrocarbyl groups which contain at least one carbon-carbon triple 
bond and includes straight-chain, branched-chain and cyclic groups. 
[0038] The term "halogen" refers to fluorine, chlorine, bromine or iodine. 
45 [0039] The term "hydrocarbyloxycarbonylamino" refers to a urethane. hydrocarbylO-CONR- wherein R is H or hy- 
drocarbyl and wherein each hydrocarbyl Is independently selected. 

[0040] The term "di(hydrocarbyloxycarbonyl)amlno" refers to (hydrocarbyl-0-CO)2N- wherein each hydrocarbyl is 
independently selected. 

[0041] The term "hydrocarbylamino" refers to -NRR' wherein R is hydrocarbyl and R' is independently selected hy- 
50 drocarbyl or hydrogen. 

[0042] The term "mercapto" refers to SH or a tautomeric form. 
[0043] The term "methine" refers to 



H-C- 
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[0044] The term "methylene" refers to -CH2-. 

[0045] The term "alkylene' refers to a divalent straight chain or branched chain saturated aliphatic radical. 
[0046] The tenm ■oxy" refers to -O- (oxygen). 
[0047] The term *thio" refers to -S- (sulfur). 

[0048] The term "prodrug" as used herein refers to any compound that has less intrinsic activity than the "drug" but 
when administered to a biological system generates the •drug" substance either as a result of spontaneous chemical 
reaction or by enzyme catalyzed or metabolic reaction. Reference is made to various prodrugs such as acyl esters, 
carbonates, and urethanes, included herein as examples. The groups illustrated are exemplary, not exhaustive and 
one skilled in the art could prepare other known varieties of prodrugs. Such prodrugs of the compounds of Formula 1, 
fall within the scope of the present invention. 

[0049] The term "phanmaceutically acceptable salt" includes salts of compounds of Formula I derived from the com- 
bination of a compound of this invention and an organic or inorganic acid. The compounds of Formula I are useful in 
both free base and salt form. In practice the use of salt form amounts to use of base form; both forms are within the 
scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] Figure 1 depicts the effects of the adenosine kinase inhibitor GP-1 -238 on mean arterial pressure, heart rate 

and body temperature following intravenous administration to anesthetized or conscious rats. 

[0051] Figure 2 depicts the dose-dependent inhibition of neutrophil adhesion to endothelial cells by the adenosine 

kinase inhibitors GP-1 -272 and GP-1 -456 and the reversal of this inhibition by co-treatment with adenosine deaminase 

("ADA"). 

[0052] Figure 3 depicts the dose-dependent inhibition of contraction in the isolated ileum by the adenosine kinase 
inhibitors (A) GP-1 -51 5 and (B) GP-1 -547 and the reversal of this inhibition by co-treatment with the adenosine receptor 
antagonist, 8-sulfophenyttheophylline, or adenosine deaminase. 

[0053] Figure 4 depicts (A) the dose-dependent inhibition of pentylenetetrazols (PTZ) induced seizures by the ade- 
nosine kinase inhibitor GP-1 -456, and (B) the reversal of this inhibition by the central adenosine receptor antagonist 
theophylline but not the peripheral antagonist 8-sulfophenyltheophylline. 

[0054] Figures 5 to 9 depict reaction schemes for preparing certain of these adenosine kinase inhibitors. 

[0055] Figure 1 0 depicts the structures of certain preferred intermediates useful in the synthesis of adenosine kinase 

Inhibitors. 

DETAILED DESCRIPTION OF THE INVENTION 
NOVEL ADENOSINE KINASE INHIBITORS 

[0056] The present invention relates to novel adenosine kinase inhibitors which comprise compounds of the general 
formula I. 



C,0 OC2 
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wherein: 

(a) A is oxygen, metliylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1 , 2, 3 or 4 and B is hydrogen, alkyi, alkoxy, amino, alkylamino, acylamino, hydro- 
carbyloxycarbonylamino, mercapto, alkylthio, azido, cyano, halogen, or B' is alkenyl or alkynyl; 

(c) and Cg are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to C2 and is carbonyl or a-aikoxyalkylidene; 

(d) X is 



D 




and Y is -N= or 



E 
I 

(e) D is hydrogen, halogen, alkyl. aryl, aralkyi, alkenyl. alkynyl, haloafkyl, cyano, cyanoalkyi, acyl, carboxamido, a 
carboxylic acid or carboxylic acid ester group, alkoxy, aryloxy, aralkyloxy, alkylthio, aryllhio, aralkylthio, amino, 
alkylamino, arylamino, aralkylamino, acylamino, or nitro; 

(f) E is hydrogen, halogen, alkyl, alkylamino, azido or alkylthio; 

(g) F is alkyl, aryl, aralkyi, halogen, amino, alkylamino, arylamino, aralkylamino, cyano, cyanoalkyi, alkoxy, aryloxy. 
aralkoxy. alkylthio, arylthio, aralkylthio; optionally substituted indolinyl or indolyl; pyrrolidlnyl or piperazinyl; and 

(h) G is hydrogen, halogen, lower alkyl, lower alkoxy, lower alkylamino or lower alkylthio; and pharmaceutically 
acceptable salts thereof; with the proviso that: 

when A is oxygen and 

(i) X is 



D 




and Y Is 



E 
I 

then if B' is methyl, D is halogen, cyano or carboxamido, F is amino, then G is not hydrogen; or if D is hydrogen, 
then F is not amino; or 
(ii) X is 
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D 
I 

5 

and Y is -N=, if B is liydrogen or halogen, D and G are hydrogen, then F Is not amino; or when A is methylene, X is 

D 

I 

Vis 

75 

£ 
I 

20 

B, D, E and G are hydrogen, then F is not amino. 

[0057] According to an alternative aspect of the present invention, novel adenosine kinase inhibitors are provided 
25 which have a 5'-group which comprises a hydroxyl or hydroxyl derivative. However, it is believed due to their overall 
structures, those compounds which have a 5'-hydroxyl would not act as substrates for phosphorylation enzymes and. 
thus, would be unlikely to undergo 5'-phosphorylation or would be phosphorylated at an extremely slow rate. 
[0058] One preferred group of these adenosine kinase inhibitors comprise compounds of the formula: 

30 



35 



(II) 

40 




4S 



wherein: 



(a) A is oxygen, methylene or sulfur; 

(b) B' is -(CH2)nB wherein n is 1, 2, 3 or 4 and B is hydroxy, acyloxy. hydrocarbyloxycarbonyloxy. or -OCONR2 
so wherein each R is independently hydrogen or hydrocarbyl; 

(c) Ci and C2 are each Independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to C2 and C2 is carbonyl or a-alkoxyalkylidene; 

(d) X is 



55 



D 
I 



8 



EP0 496 617 B1 



and Y is -N=; 

(e) D is halogen, aryl or aralkyl; 

(f) F is alkyi, aryl. aralkyl. halogen, amino, alkylamino, arylamino, aralkylamino, cyano, cyanoalkyi, alkoxy, aryloxy. 
aralkoxy, alkylthio, arylthio, aralkylthio, optionally substituted indolinyl or indolyl. pyrrotldinyl or piperazinyl; and 

(g) G is hydrogen, halogen, tower alkyI, lower alkoxy, or tower alkylthio; and pharmaceutlcally acceptable salts 
thereof; with the proviso that when A is oxygen and D is hatogen, then F is not amino. 

[0059] Another preferred group of these adenosine kinase inhibitors comprise compounds of the formula: 



F 




C,0 OC2 



(III) 



wherein: 

(a) A is oxygen, methylene or sulfur; 

(b) B' is -(CH2)nB wherein n is 1, 2, 3 or 4 and B is hydroxy, acyloxy. hydrocarbyloxycarbonyloxy, or -OCONRg 
wherein each R is Independently hydrogen or hydrocarbyl; 

(c) and Cg are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to and C2 is carbonyl or a-alkoxyalkylidene; 

(d) X is 



D 



and Y Is 




(e) D is aryl or aralkyl; 

(f) E is hydrogen, halogen, alkyl. or alkylthio; 

(g) F is alkyl, aryl, aralkyl, halogen, amino, alkylamino, arylamino, aralkylamino, cyano, cyanoalkyi, alkoxy, aryloxy. 
aralkyloxy, alkylthio, arylthio, aralkylthio, optionally substituted indolinyl or indolyl, pyrrolidinyl or piperazinyl; and 

(h) G is hydrogen, halogen, lower alkyl, lower alkoxy, or lower alkylthio; and pharmaceutlcally acceptable salts 
thereof; with the proviso that: when A is oxygen, 0 is oxadiazolyl, triazolyl or triazinyl, and E and G are both 
hydrogen, then F is not amino. 
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[0060] Also included within the present Invention are adenosine kinase inhibitors which comprise modified purine 
nucleosides of the formula: 



F 




C^O OC2 



(IV) 

wherein 

(a) A is oxygen, methylene or sulfur; 

(b) B' is -CHgB wherein and B is amino, hydrocarbylamino, or acylamino; 

(c) and Cg are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to C2 and C2 is carbonyl or a-atkoxyalkylldene; 

(d) X is -N= and Y is 

£ 
I 

(e) E is hydrogen, halogen, alkyi, amino/ alkylamino, azido, acylamino, alkoxy or alkylthio; 

(f ) F is halogen, amino, alkylamino. arylamino, aralkylamino, cyanoalkyi, alkoxy aryloxy, aralkoxy, alkylthio, arylthio, 
aralkylthio, alkyI, aryl, aralkyi, optionally substituted indolinyl or indolyl, pyrrolidinyl or piperazinyl; and 

(g) G is hydrogen, halogen, lower alkyl, lower alkoxy, or lower alkylthio and pharnnaceutical acceptable salts thereof; 
with the proviso that: 

when A is oxygen, B is amino or hydrocarbylamino, E and G are hydrogen, then F is not amino. 
[0061] In general in the above formulae, preferred are compounds where G is hydrogen, halogen, alkyl particularly 
lower alkyl or alkylthio particularly lower alkylthio. Especially preferred G groups include hydrogen. Preferred and 
C2 groups include hydrogen and acetyl. 

[0062] Preferred E groups include hydrogen, halogen, alkyl, alkylamino azido or alkylthio, particularly hydrogen or 
halogen, especially preferred are compounds where £ is hydrogen. 
[0063] Preferred are compounds where A is oxygen. 

[0064] Preferred are compounds where D is hydrogen, halogen alkyl, aryl, aralkyi, alkenyl or alkynyl, cyano, cy- 
anoalkyi, alkoxy, aryloxy, aralkoxy, alkylthio, arylthio, aralkylthb, amino, alkylamino, arylamino, aralkylamino, amido, 
carboxamido, or hydrocarbyloxycarbonyl. Especially preferred D groups include hydrogen, halogen, alkyl, aryl, aralkyi, 
cyano, alkoxy, aryloxy, aralkoxy, alkenyl or alkynyl, more preferably hydrogen, halogen, aryl, cyano, alkoxy or aryloxy. 
A particularly preferred group of compounds include those wherein D is hydrogen, halogen or aryl especially halogen 
or aryl. According to one preferred aspect, D is aryl such as heterocyclic aryl or monocyclic carbocyciic aryl, such as 
optionally substituted phenyl. 
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[0065] Preferred compounds include those where B' is -(CH2)nB, and n is 1 or 2, nnore preferably n is 1 . B may 
preferably include hydrogen, halogen, alkyi, amino, atkylamino, alkoxy, mercapto, alkylthio, azido or cyano; more pref- 
erably B is hydrogen, halogen, tower alkyI, amino, lower alkylamino, lower alkoxy, tower alkythio, azido or cyano. 
Particularly preferred B groups Include hydrogen, amino or azido. Also preferred are compounds wherein B' is vinyl, 
5 ethynyl: or propargyl. 

[0066] Preferred F groups include halogen, amino, alkylamino, arylamino, aralkylamino, alkylthio, arylthio, alkyI, aryl 
or aralkyi, more preferably amino or arylamino. Another subset of preferred F groups includes alkyI, aryl or araikyl. 
Especially preferred F groups include optionally substituted anilino. 

[0067] Preferred compounds of formula I include those in which Y is -N= and B is amino, D is bromo, F is amino, 
10 and C■^ and Cg are both hydrogen or acetyl; B is amino, D is iodo, F is amino and and C2 are both hydrogen; B is 
hydrogen, D is iodo, F is amino and and Cg are both hydrogen; B is hydrogen, D is phenyl, F is anilino and and 
C2 are both hydrogen; B is azido, D is p-methoxyphenyl, F is amino and and are both hydrogen; or B Is azido, 
D is phenyl, F is anilino and and C2 are both hydrogen. 

[0068] Preferred compounds of formula I include those in which Y is -C(E)= and B is azido. D is bromo, E is hydrogen, 
IS F is amino, and Ct and C2 are both hydrogen; B is hydrogen. D is iodo, E is hydrogen, F is anilino, and and are 
both hydrogen; B is hydrogen, D is phenyl, E is hydrogen and F. is anilino, and C«, and C2 are both hydrogen; B is 
hydrogen, D is phenyl, E is hydrogen, F is amino, and and are both hydrogen, B is methyl, D is iodo, E is 
hydrogen, F is amino and and C2 are both hydrogen; n is 2, B is azido, D is iodo, E is hydrogen, F is amino, and 
Ci and C2 and both hydrogen; B' is vinyl, D is iodo, E is hydrogen, F is amino, G is hydrogen and and C2 are both 
20 hydrogen; n is 2, B is hydrogen, D is iodo, E is hydrogen, F is amino and and C2 are both hydrogen, n is 2, B is 
azido, D is iodo, E is hydrogen, F is amino and and C2 are both hydrogen; or B' is vinyl, and C2 are both hydrogen, 
D is iodo, E is hydrogen, F is amino, and G is hydrogen. 

[0069] Preferred compounds of formula II include those in which n is 1 , B is hydroxy, 0 Is phenyl, F Is anilino and 
C2 are both hydrogen, A is oxygen and G is hydrogen. 
2S [0070] Preferred compounds of formula III include those in which A is oxygen, G is hydrogen, n is 1 , B is hydroxy, 
D Is 2-furanyl, E is hydrogen, F is anilino and and C2 are both hydrogen. 

A. Preferred Compounds 

30 [0071] The compounds of the present invention contain asymmetric carbon atoms and hence can exist as stereoi- 
somers, both enantiomers and diastereomers. The individual preferred stereoisomers and mixtures thereof are con- 
sidered to fall within the scope of the present invention. The compounds described by Formula I contain a 5-modlfied 
1-p-D-ribofuranosyl group and that isomer comprises a particularly preferred diastereomeric and enantiomeric form 
for compounds of the present invention. Aptly, the synthetic examples cited herein provide the most preferred isomer. 

35 It is evident that in addition to the sugar moiety, additional asymmetric carbons may be present in compounds of Formula 
I, being present in moieties B', or or the substituted heterocyclic purine, pyrrolo[2,3-d]pyrimidine or pyrazolo 
[3,4-d]pyrimldine ring. In this event, both of the resulting diastereomers are considered to fall within the scope of the 
present invention. 

[0072] It is noted that compounds of formula I where B is hydroxy (i.e. a 5'-hydroxyl moiety) are in many cases potent 
40 inhibitors of adenosine kinase. The use of compounds having formula I wherein B' replaced by -CH2OH, as adenosine 
kinase inhibitors are included in the scope of this invention. However, since some of these compounds may be phos- 
phorylated in vivo and since the resulting 5'-phosphates may be toxic, mutagenic or teratogenic, 5'-hydroxy compounds 
which can serve as substrates for phosphorylation enzymes may not comprise preferred compounds for clinrcal or 
therapeutic use. An important aspect of the novel compounds of the present invention is that these preferred com- 
45 pounds are either non-phosphorylatable at the 5' position or are not substrates of enzymes that lead to phosphorylation. 

(i) Preferred Pvrazolof3,4-dlpvrimidines 

[0073] Preferred adenosine kinase inhibitor compounds of the present inventbn include certain pyrazolo[3,4-d]py- 

so rimidine compounds of Formulas I and II. 

[0074] Preferred pyrazolo[3,4-d]py rimidine compunds of Formula I include those where G is hydrogen and A is ox- 
ygen. Preferred D groups Include hydrogen, alkyI, aryl, araikyl, cyano, alkoxy, aryloxy, aralkoxy, alkenyl or alkynyl, 
more preferably hydrogen, halogen, aryl, cyano, alkoxy or arytoxy, more particularly hydrogen, halogen or aryl espe- 
cially halogen or aryl. An especially preferred group of compounds includes those where D is aryl, especially hetero- 

55 cyclic aryl or monocyclic carbocyclic aryl, more preferably optionally substituted phenyl. Preferred B' groups include - 
(CH2)nB wherein B is hydrogen, halogen, alkyI, amino, alkylamino, alkoxy. mercapto, alkylthio. azido or cyano; more 
preferable B is hydrogen, halogen; lower alkyI, amino, lower alkylamino, azido or cyano. Particularly preferred B groups 
include hydrogen, amino or azido. Preferably, n is 1 or 2, more preferably 1 . Other preferred B' groups include vinyl 
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and ethynyl. Preferred are compounds of formula I wherein F is halogen, amino, alkylamino, arylamino, aralkylamino, 
alkytthio, arylthio, alkyi, aryl or aralkyi, more preferably amino, arylamino, alkyi or aralkyi, aralkyi, more preferably 
amino, arylamino, alkyi or aralkyi, especially amino or arylamino. Certain preferred compounds include F groups which 
comprise an arylamino group, particularly optionally substituted anilino. and C2 are preferably each independently 
5 hydrogen or acetyl, particularly hydrogen. 

[0075] Examples of preferred pyra2olo[3,4-d]pyrimidine compounds include those noted as GP-1-515, GP-1-547, 
GP-1-560. GP-1-665, GP-1-666 GP-1-667, GP-1-695. and GP-1-704. 

[0076] GP-1-665 is a compound of formula II in which B is hydrogen, D is phenyl, F is anilino and G is hydrogen. 
[0077] Preferred pyra20lo[3,4-d]pyrimidine compunds of Formula II include those where G is hydrogen and A is 
10 oxygen. Preferred D groups include aryl. Prefered aryl groups include heterocyclic carbocyclic aryl groups, especially 
optionally substituted phenyl. Preferred F groups include halogen, amino, alkylamino, arylamino, aralkylamino, alkylth- 
io, arylthio. alkyi, aryl, or aralkyi, more preferably amino or arylamino. Certain preferred compounds of Formula II may 
include F groups which comprise optionally substituted anilino groups. 

IS (ii) Preferred Pvrrolo[2.3-d1pvrimidines 

[0078] Preferred adenosine kinase compounds of the present invention include pyrrolo[2, 3-d]pyrimidine compounds 
of Formulas I and III. 

[0079] Preferred pyrrolo[2,3-d]pyrimidine compounds of Formula I include those wherein G is hydrogen. Preferred 

20 are compounds wherein E is hydrogen or halogen; more preferably E is hydrogen. Preferred are compounds where A 
is oxygen. Preferred compounds include those where D is hydrogen, halogen, alkyi, aryl, aralkyi, cyano, alkenyl or 
alkynyl. Preferred values for D include hydrogen, alkyi, aryl, aralkyi, cyano, alkenyl, or alkynyl, more preferably D is 
hydrogen, halogen or aryl. An especially preferred group of compounds includes those where D is aryl, especially 
heterocyclic aryl or monocyclic carbocyclic aryl, especially optionally substituted phenyl. Preferred B' groups include 

25 -(CH2)nB wherein n is 1 or 2, preferably 1. Preferably, B is hydrogen, halogen, alkyi, amino, alkylamino, alkoxy, mer- 
capto, alkylthio, azido or cyano, e.g. B may be hydrogen, halogen, lower alkyi, amino, lower alkylamino, azido or cyano, 
or preferably B is hydrogen, halogen, lower alkyi, amino, lower alkylamino, alkoxy especially lower alkoxy, alkylthio 
especially lower alkylthio, azido or cyano, more particularly hydrogen, lower alkyi, amino, lower alkylamino, or azido. 
Especially preferred B groups include hydrogen, amino or azido. Other preferred B' groups include vinyl and ethynyl. 

30 Preferred pyrrolo[2,3-d]pyrimidine compounds of Formula 1 include those wherein F is halogen, amino, alkylamino, 
arylamino, aralkylamino, alkylthio, arylthio, aralkylthio, alkyi, aryl or aralkyi, more preferably amino or arylamino. Certain 
preferred compounds include F groups which comprise optionally substituted anilino. Examples of preferred pyrrolo 
[2,3-d]pyrimkJine compounds include those noted as GP-1 -448, GP-1-606, GP-1-608. GP-1-639. GP-1-683, GP-1-684, 
GP-1-691, GP-1-711. GP-1-714. andGP-1-718. 

35 [0080] Preferred pyrrolo[2,3-d]pyrimidines of Formula III include those where G is hydrogen and A is oxygen. Pref- 
erably E is hydrogen or halogen, more preferably hydrogen. Preferred D groups include aryl. Preferred aryl groups 
include heterocyclic aryl groups and monocyclic carbocyclic aryl groups, especially optionally substitued phenyl. Pre- 
ferred heterocyclic aryl groups include 2-f uranyl, 2-thienyl and 3-thienyl. 

40 Preferred Purines 

[0081] Preferred purine compounds include those where G is hydrogen, halogen, lower alkyi or lower alkylthio, more 
preferably hydrogen. Preferred are compounds wherein A is oxygen. Preferred E groups include hydrogen, halogen 
or alkylthio, Another subset of preferred E groups is halogen^ alkyi or alkylthio. Preferred are compounds wherein B is 
45 amino. Preferred F groups include halogen, amino, alkylamino, arylamino, aralkylamino, alkylthio, arylthio, alkyi, aryl 
or aralkyi, more preferable subsets of the preferred groups include (i) amino or arylamino, and (ii) alkyi, aryl and aralkyi. 
E is preferably hydrogen or halogen. 

SYNTHESIS OF PREFERRED COMPOUNDS 

SO 

A. General Synthetic Methodd 

[0082] The present invention is also directed to processes for preparing compounds of Fonmula I. The present in- 
vention provides a process for preparing a compound of formula I which comprises reacting a compound of the formula: 

55 
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10 




CO OCa 



IS in which 2 is a halogen and A, B', C^, C2, G. and X are as defined above or are in a protected form, and Y is -N=, 

with an appropriate nucleophillc agent and, if necessary, deprotecting the product to form a compound of formula 
I in which Y is -N=; 

or which process comprises reacting a compound of the formula: 



20 



25 



30 



35 



40 



where A and B' are as defined above and Z Is a halogen, with a compound of the formula: 



N 




Where E, D and G are as defined above and Z' Is a halogen to give a compound of the formula: 



4$ 



so 
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and deprotecting the compound to provide a compound of formula I in which Y is 

E 
I 

[CX>83] Disclosed herein are general synthetic routes for preparing variously substituted purine nucleosides or pyrrolo 
[2,3-d]pyrimidlne nucleosides, including a novel and Improved synthesis of 5'-deoxy-5-iodotubercidin; and pyrazolo 

10 [3,4-d]pyrimidine nucleosides of the present invention. 

[0084] A process for preparing S'-azido, 5'-amino and 5*-deoxy analogs of N^- substituted purine ribosides is depicted 
in Figure 5. The protected azide (2a), prepared from 2',3'-0-isopropylideneinosine, is activated for nucleophilic attack 
at position six by chlorination with thionyl chloride/dimethylformamide. Other standard reagents may also be used to 
activate position six of 2 such as thionyl bromide, phosphorous oxychloride, triphenylphosphine dibromide-thiophenol- 

75 potassium permanganate or hexamethyldisilazane-ammonium sulfate. The chloride (3) or other activated intermediate 
(Br, RSO2, RaSiO, etc.) is then reacted with ammonia or an appropriate amine such as aniline, piperazine or indoline 
in solvents such as water, alcohols, THF and the like. The resulting protected N^-substituted azide (4a) is deblocked 
using an aqueous acid such as 50% formk; acid, to provide the N^-substituted 5!-azldo-5'-deoxyadenosine (5a). Re- 
duction of the azide (5a) to the amine (6) is effected by catalytic hydrogenation with a catalyst such as platinum oxide, 

20 palladium on carbon and the like. For molecules containing other functional groups sensitive to hydrogenation, triphe- 
nylphosphine is used to selectively reduce the azide moiety to the amine. To prepare the N-acylamino (7a) and hydro- 
carbyloxycarbonylamino (7b) compounds, the azide 4a is reduced to the amine and treated with an acyl anhydride or 
acyl chloride or alkyi chloroformate and deblocked to give (7a) or (7b) respectively Analogous processes are used to 
prepare the 2- and 8- substituted analogs beginning with appropriately substituted intermediates. An alternative syn- 

25 thesis of 5'-amino and 5'-hydrocarbylamino compounds comprises deblocking a 2',3'-isopropylidene-5'-tosylate with 
aqueous acid and then reacting the deblocked tosylate with ammonia or a lower hydrocarbylamine. Further description 
of these procedures is set forth in the Examples. 

[0085] A similar process is used to prepare S'-deoxy purine nucleosides. The appropriately substituted 5'-deoxy-2', 
3'-0-isopropylideneinosine (2b) is chlorinated or activated using other reagents described above, aminated to 4b and 

30 subsequently deblocked to afford the 5'-deoxy nucleoside 5b . 

[0086] The overall process for preparing 5'-modified pyrrolo[2,3-d]pyrimidine riboside compounds of Formula I, is 
depicted in Figure 8. A key step comprises the sodium salt glycosylation method (K. Ramasamy et al., Tetrahedron 
Letters. 1987, 28:5107) using the anion of a substituted 4-chloropyrroIo[2,3-d]pyrimidine (18) and 1-chloro-2,3-0-iso- 
propylidene-5-O-tert-butyldimethylsilyl-a-p-ribofuranoside (17). This method is also suitable for direct preparation of 

35 ribofuranosides wherein the 5-hydroxy group has been replaced with substituents such as hydrogen or azido or ex- 
tended with additional cartx)ns (Figure 8). The azide sugars further provide for facile synthesis of 5'-amino nucleosides 
by reductions of the azide function after ribosylation. An alternative to the sodium salt glycosylation method is a solid- 
liquid phase transfer reaction using the same substrates and potassium hydroxide in place of sodium hydride as de- 
scribed by Rosemeyer H., and Seela, R Helvetica Chimica Acta, 1988, 71:1573. 

40 [0087] Preparation of the 5-substituted ribose analogs and homologs is outlined in Figures 6 and 7, The 5-substituted- 
5-deoxy ribose analogs 1 0 are prepared by tosylation of the protected ribose 8, displacement of the tosylate by appro- 
priate nucleophiles and subsequent deblocking (Synder, J.; Serianni. A.: Carbohvdrate Res. . 1987, 163: 169). The 
ribose homologs (Figure 7) are prepared by oxidation of the protected ribose (8) to the aldehyde (11 ) (Moorman, A.; 
Borchaedt, R.; Nucleic Acid Chemistry-Part III. Townsend, L.; Tipson, R.; John Wiley & Sons, 1986). The aldehyde is 

45 homologated via the appropriate Wittig reagent to give the key intermediate protected vinyl sugar (12). The protected 
intemnediate is deblocked to give the vinyl ribose homolog (16a) or reduced to (13) and then deblocked to give the 
saturated deoxy analog (16b). Alternatively, the vinylated intermediate (12) is hydroborated and oxidized affording the 
protected homologous ribose (14a ) which is deblocked to the ribose homolog or converted to the azide (14b) via 
tosylation and displacement with azide. Deblocking of (14b) then affords the homologous azido ribose (I6d). The 

50 protected 5-aldehyde (H) was also methylated to ultimately afford 6-deoxy-D-allofuranose (16e). The various 5- sub- 
stituted riboses are then converted to the corresponding 2,3-0-isopropylidine ketals (Figure 8) which are chlorinated 
stereoselectively to 5-modified 1-chloro-a-D-ribofuranosides (17) using carbon tetrachloride and hexamethylphospho- 
rous triamide (Wilcox, C; Otaski, R.: Tetrahedron Lett.. 1986, 27:1011). 

[0088] The preparation of various substituted 4-chloro-pyrrolo[2,3-d]pyrimidines is described in the Examples. The 
55 initial products from the ribosylation reactions, ribosyl protected 5-substituted-4-chloropyrrolo[2,3-d]pyrimidine nucle- 
osides and the corresponding deblocked compounds are versatile intermediates and comprise an aspect of the present 
inventbn. As examples, the 4-chloro substituent of 19 can be displaced by sulfur (such as thiourea or mercaptide 
anions) leading to thionated and hydrocarbylthio compounds. More importantly, displacement of the 4-chloro substit- 



14 



EP 0 496 617 B1 



uent by ammonia or amines leads to4-amino- and 4-arylaminopyrrolo[2,3-d]pyrimidine nucleosides. As further exam- 
ple, and an aspect of the present invention, an improved synthesis of the adenosine kinase inhibitor, 5'deoxy-5-todo- 
tubercidin is described. According to this novel method, coupling of the sodium salt of 4-chloro-5-iodopyrrolo[2,3-d] 
pyrlmidine with 1-chloro-5-deoxy-2,3-isopropylidene-a-D-ribofuranoside (17: B'=CH3) in acetonitrile gives the protect- 
s ed 4-chloro compound. Amination of this product with ammonia, followed by deblocking affords 5'-deoxy-5-rodotuber- 
cidin. 

[0089] Especially preferred intermediates are protected pyrrolo[2,3-d]pyrimjdine nucleosides having a 4-chloro and 
a 5-iodo or bromo substituent. 

[0090] Another aspect of the present invention is directed to the use of arylboronic acids to prepare 4- and 5-arylated 
10 pyrrolo[2,3-d]pyrimidine bases and nucleosides from the corresponding 4- and 5-halogenated compounds. Thus, a 
halogenated nucleoside such as J9 or the corresponding base was heated with an arylboronic acid and a palladium- 
phosphine catalyst such as palladium tetrakis(triphenylphosphlne) to prepare the analogous arylated compound by 
displacement of halogen. Various 4- and 5- arylated pyrrolo[2,3-d]pyrlmidines also can be prepared using arylstannyl 
compounds in place of the arylboronic acids (Fiynn, B.; Macolino, B.; Crisp. G. Nucleosides & Nucleosides. 1991, ,10: 
IS 763). Synthesis of 5arylpyrrolo[2,3-d]pyrimid(nes can also be effected by condensation of arylamino ketones and 
malononitrile to arylated pyrroles and subsequent ring closure to 5-acylpyrrolo[2,3-d]pyrimidines. (Taylor, E.; Hendess, 
a. J. Am. Chem. Soc. 1965, 87:1995). 

[0091] The various above-mentioned products of ribosylatton reactbns may be deblocked at appropriate points with 

aqueous acids such as 50% formic acid or trifluoroacetic acid. Preparation of 5'-amino compounds consists of reducing 
20 an appropriate azide. The 5'-amides and urethanes are prepared analogously to those described previously for purine 
analogs. Further description of these procedures is set forth in the Examples. 

[0092] Still another aspect of this invention is the preparation of 5''Substituted pyrazolo[3,4-d]pyrimidine ribosides of 
Formula I as depicted in Figure 9. Accordingly, a substituted pyrazolo[3,4-d]pyrimidine is ribosylated with an esterified 
5-hydroxy, 5-azido or 5-deoxyribofuranoside in the presence of a Lewis acid such as boron trifluoride (Cottam, H., 

2S Petrie, C; McKernan, R; Goebel, R.; Dalley, N.; Davidson, R.; Robins, R.; Revankar, G.; J. Med. Chem. . 1984, 27: 
1120). The 5-substituted sugar is prepared by esterification of the deblocked sugar 10a to .10c or 16a to Tge (See 
Figures 6 and 7). Suitable esters include the acetate, benzoate, toluate, anisoate and the like. The substituted pyrazob 
[3,4-d]pyrimidine base (22) may be prepared by a variety of procedures as illustrated in the Examples. Two general 
routes to the compounds of the present invention are described below. 

30 [0093] The first general route comprises coupling an esterified ribose (22), prepared from 10 or 16, with a 3-substi- 
tuted pyrazolo[3,4-d]pyrimidin-4-one. After ribosyiation the pyrimidone riboside (24a ) may be activated by chlorination 
with thionyl chloride/dimethylformamide or other reagents previously described and then reacted with ammonia or an 
amine to provide a variety of substituted 5'-modif ied N4-substituted-amino-pyrazolo[3,4-d]py rimidine nucleosides (24b). 
Examples of this aspect of the invention, 3-iodopyra2olo[3,4-d]pyrimidone nucleosides, are prepared by nonaqueous 

35 diazotization-iodination of the 3-amino compounds using a nitrite ester such as isoamyl nitrite and methylene iodide. 
Previous attempts to diazotize the 3-aminopyrazolo[3,4-d]pyrimidones using aqueous nitrous acid gave only N-nitro- 
sated pyrazolo[3,4-d]pyrlmidin-3,4-diones (Cottam, H.; Petrie, C; McKeman, P.; Goebel. R.; Dalley, N.; Davidson, R.; 
Robins, R.; Revankar, G.; J. Med. Chem.. 1984, 27:1119). Further modifications of 23 or 24 include reduction of the 
5*-azido moiety to afford the 5'-amino compounds or the 5'-amides and urethanes as described in Figure 5. Ester 

40 prodrugs (C^ and C2) of various 5'-amino nucleosides are prepared by reduction of the 5'-azide esters (23) using 
previously described reagents. 

[0094] Various C-4 alkylated pyrazolo[3,4-d]pyrimidlne nucleosides are prepared by reaction of the above mentioned 
suitably protected 4-chtoropyrazoio[3,4-d]pyrimldine nucleosides with carbanion nucleophiles. A specific catalyst for 
this alkylatlon reaction was found to be trimethylamine; these reactions either do not occur or proceed very slowly and 
45 in poor yield in the absence of trimethylamine. Suitable carbanions include those derived from diethyl malonate, ethyl 
cyanoacetate, malononitrile, nitromethane, cyanide salts and the like. This procedure is also used to prepare C-6 
alkylated purine ribosides. The initial C-alkylated products were deblocked and optionally further modified by hydrolysis 
and decarboxylation to afford the desired products. 

[0095] An alternative process for synthesis of 5'-azido- and 5'-amino-5*-deoxypyrazolo[3,4-d]pyrimidine ribosides is 
50 also described. Accordingly, a substituted allopurinol riboside (24a) is protected by conversion to the 2';3'-isopropyli- 
dene derivative, tosylated and reacted with sodium azide in DMSO or DMF to form the azide. Activation of position 
four by chlorination with thbnyl chloride/dimethylformamide or other reagents as described, followed by displacement 
of the activating group by ammonia or an amine results in a protected 5'-azido-5'-deoxy riboside. The azide Is deblocked 
to afford (24b, B=N3) ahd subsequently reduced to the 5'-amino riboside using the previously described procedures. 
55 [0096] The second general route for preparation of substituted pyrazolo[3,4-d]pyrimidlne nucleosides comprises cou- 
pling the esterified ribose (21 ) with various substituted 4-amino or 4-hydrocarbylaminopyrazolo[3,4-d]pyrimidines. The 
resulting products are then further modified or deblocked to afford the desired compounds. The utility of this procedure 
is demonstrated in the Examples, by the preparation of 3-phenyl-4-(phenylamino)pyrazolo[3,4-d]pyrimidine S'^modified 
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ribosides from 3-phenyl-4-(phenylamino)pyra2olo[3,4-d]pyrimidine and various 5*-modified sugars. In another aspect 
of the present invention, hatogenated pyrazoto[3,4]pyrimidine ribosides can be arylated using arylboronic acids and 
palladium catalysts as described for the pyrrofo[2,3-d]pyrimidines. Alternatively, the base can be boronated and tlien 
coupled with an aryl hallde. Further description of these procedures is set forth in the Examples. 

5 

B. Preferred Methods of Synthesis 

[0097] According to another aspect of the present invention, certain preferred methods of preparing the adenosine 
kinase inhibiting compounds of Formula I are provided. 
10 [0098] One preferred method of the present invention is a novel procedure for preparing C-6 alkylated purine nucl- 
eosides and C-4 alkylated pyrazolo[3,4-d]pyrimidine nucleosides from the 6-chloropurine and 4-chloropyra2olo[3,4-d] 
pyrimidine nucleosides, respectively, using various carbanions (enolates, cyanide anion, etc.) and trimethytamine as 
a specific catalyst. Previous methodology for C-alkylation of 6-chloropurines consisted of a muttistep route involving 
aikylthiolation and oxidation to a. sulfone followed by nucleophiiic displacement with a carbanion (Yame. A.; Matsuda, 
IS A.; Veda, T; Chem. Pharm. Bull. (Jap ) . 1980, 28:150). This multistep route can be accomplished in one step using 
the specific catalyst trimethylamine which reacts to form a quaternary salt and in turn is displaced by a carbanion jn 
situ, regenerating trimethylamine. The reactions are specifically catalyzed by unhindered trialkylamlnes. 
[0099] Another preferred method of the present invention is a process for preparing arylated bases and nucleosides 
by reaction of a halogenated pyrrolo[2,3-d]pyrimidine or pyrazolo[3.4-d]pyrimidine with an aryl boronic acid in the pres- 
to ence of a palladium-phosphine catalyst. In this process, the halogen atom of a brominated or preferably, iodinated 
pyrroio[2,3-d]pyrimidine or pyrazolo[3.4-d]pyrimidine base or nucleoside, is replaced by an aryl moiety such as phenyl, 
substituted phenyl or a heteroaryl moiety such as f uranyl. A catalyst consisting of a metal such as palladium, complexed 
to an arylphosphine such as triphenylphosphine must be present as well as a base such as sodium carbonate. The 
resulting arylated nucleosides are important examples of the present invention and this method is shorter and more 
2S versatile than alternative syntheses of arylated nucleosides. 

[0100] Still another preferred method of the present invention is a process for preparing the previously unknown 
3Hodo- and 3-chloropyrazolo[3,4-d]pyrimidine nucleoside by nonaqueous diazotization of 3-aminopyrazolo[3,4-d]py- 
rimidine nucleosides. According to this invention, a suitably substituted 3-aminopyrazolo[3,4-d]pyrlmidine nucleoside 
is diazotized by heating with an alkyi nitrite such as isoamyl nitrite in the presence of an iodine source (such as meth- 
30 yiene \o6\6e) resulting in replacement of the 3-amino moiety with an iodine atom. Alternatively, methylene iodide can 
be replaced by a chlorine source such as carbon tetrachloride resulting in replacement of the amino moiety by a chlorine 
atom. A previously reported attempt to effect replacement of the amino moiety in a 3-aminopyrazolo[3,4-d]pyrimidine 
riboside with other moieties using nitrous acid resulted only in replacement of the amino moiety by a hydroxyl group. 
The resulting 3-chloro- and particularly 3-iodopyrazolo[3,4-d]pyrimidine nucleoside are an important subject of adeno- 
35 sine kinase inhibitors disclosed in the present invention. 

[0101] The dimers can be made in the same way as the above monomers. When the group F has two amino groups 
a dimer can form (see e.g. Examples 10, 19, 103, 104, 105, 107 and 185 hereafter). 

C. Preferred Intermediates 

40 

[0102] According to a further aspect of the present invention, certain novel intermediates are provided which are 
useful in the synthesis of the adenosine kinase inhibitors of the present invention. 

(i) Intermediates for Pvrrolof2.3-d1pvrimidines 

4S 

[01 03] Certain intennediates useful in the preparation of certain preferred adenosine kinase inhibitors which comprise 
substituted pyrrolo[2,3-d]py rimidine nucleosides include compounds of the formula: 

so 



£5 
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(VI) 



HO OH 



wherein B' is lower alkyi or 1 to 3 carbon atoms optionally substituted with azido or hydroxy, or lower alkenyl of 1 to 3 
carbon atoms; D is bromo or iodo, E is hydrogen, F is chloro, mercapto, arylaminoand G is hydrogen. Certain especially 
preferred intermediates are set forth in Figure 10. . 
[0104] These preferred Intermediates include the following compounds: 
5-Bromo-4-chloro-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine; 

4- Chloro-5-iodo-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo-[2.3-d]pyrimidine; 

5- lodo-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo[2,3-d]-pyrimidin-4(3H)-thione; 
5-Bromo-4-chloro-7-(5,6-dideoxy-1)-p-D-allofuranosyl)pyrrolo[2,3-d]pyrimidtne; 

4- Chloro-5-iodo-7-(5,6-dideoxy-1-p-D-allofuranosyl)pyrrolo-[2,3-d]pyrimidine; 

5- Bromo-4-chloro-7-(5,6-dideoxy-5,6-didehydro-1-p-D-allofuranosyl)pyrrolo[2,3-d]pyrimidlne; 
4-Chloro-5-iodo-7-(5,6-dideoxy-5,6-didehydro-1-P-D-allofuranosyl)pyrrolo[2,3-d]pyrimidine; 

4- Chloro-5-iodo-7-(5-aztdo-5-deoxy-1-p-D-ribofuranosyi)pyrrolo[2.3-d]pyrimidine; 

5- Bromo-4-chloro-7-(5-a2ido-5-deoxy-1-p-p-ribofuranosyl)pyrrolo[2,3-d]pyrimidine; 

4- Chloro-5-iodo-7-(6-azido-5,6-dideoxy-1-fJ-D-allofuranosyl)pyrrolo[2,3-cl]pyrimidine; 

5- Bromo-4-arylamino-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine; 
5-lodo-4-arylamino-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine; 
5-lodo-4-arylamino-7-(1-p-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine; and 
5-Bromo-4-aryIamino-7-(1-p-D-ribofuranosyl)pyrrolo[2.3-d]pyrimidine. 

[0105] In addition to being useful in the preparation of certain preferred adenosine kinase inhibitors, certain of these 
preferred intenriedlates exhibit activity as adenosine kinase inhibitors themselves. 

(it) Intermediates for FVrazolof3.4-dlPvrimidines 

[0106] Certain intermediates useful in the preparation of certain preferred adenosine kinase inhibitor compounds 
comprise substituted pyrazolo[3,4-d]pyrimldines of the formula: 



wherein Ar is an aryl group and F is halogen, preferably chloro. Preferred aryl groups include heterocyclic aryl groups 
and monocyclic carbocyclic aryl groups, including optionally substituted phenyl groups. These preferred intermediates 




Ar I 
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Include the following compounds: 
4-chloro-3-ph8nylpyra20loI3.4-d]pyrimidine; 
4-chloro-3-(2-thienyl)pyrazolo[3,4-d]pyrimidine: 
4-chloro-3-(4-methoxyphenyl)pyrazolo[3,4-d]pyrinriidinG; and 
5 4-chloro-3-(4-chlorophenyl)pyrazolo[3,4-d]pyrinriidine. 

UTILITY 

[0107] According to the present invention adenosine kinase inhibitors e.g. orally bioavailable pyrrolo [2.3-d]-pyrimi- 
10 dine riboside analogs such as 5'-deoxy-5-iodo tubericidin may be used in the treatment of a variety of clinical situations 
where Increasing local levels of adenosine are beneficial i.e. increasing adenosine at a specific locus such as the heart 
or brain, particularly if the compound Is capable of penetrating the central nervous system or blood-brain barrier. In 
particular, these compounds may be used In treating cardiovascular disorders in which injury or dysfunction Is caused 
by ischemia and/or repertusion (following a period of ischemia). These include (1) heart attack, a situation that arises 
IS from obstruction of one or more of the coronary arteries supplying blood to the heart muscle, and which, if prolonged, 
leads to Irreversible tissue damage; (2) angina pectoris, a clinical condition in which the blood supply to the heart is 
sufficient to meet the normal needs of the heart but insufficient when the needs of the heart increase (e.g. during 
exercise), and/or when the blood supply becomes more limited (e.g. during coronary artery spasm); (3) unstable angina 
associated with pain at rest; and (4) silent ischemia. In each of these conditions, treatment adenosine, e.g. around 
20 cells whose ratio of rate of synthesis of adenosine triphosphate/rate of breakdown of adenosine triphosphate is unde- 
sirably low, and thereby blood flow to the Ischemic tissue would be increased and tissue damage reduced and function 
improved. Therefore, according to the present invention adenosine kinase inhibitors may also be used to treat or prevent 
congestive heart failure. 

[0108] In advanced coronary artery disease or persistent chest pain at rest, a number of clinical procedures are 

25 currently used to improve blood supply to the heart. These include percutaneous transluminal coronary angioplasty 
(PTCA), percutaneous transluminal directional coronary atherectomy, laser atherectomy intravascular stents and cor- 
onary artery bypass graft surgery. The compounds of this invention will also be useful as adjunctive therapies to these 
techniques. Other clinical settings that involve ischemia would also be ameliorated by agents effecting regional blood 
flow Including organ transplantation, skin flap grafting and other reconstructive surgery, peripheral vascular disease, 

30 endotoxemia, hemorrhagic shock, pulmonary emboli, pulmonary injury secondary to burns (thermal Injury) or septi- 
cemia, pulmonary hypertension, microembolization. glomerulonephritis or progressive glomerulosclerosis, atheroscle- 
rosis, myocarditis, vasculitis, cardiomyopathies, intestinal ischemia, peripheral vascular disease, transient ischemic 
attacks, stroke and cardiopulmonary arrest. Adenosine kinase inhibitors will enhance protection afforded by precon- 
ditioning a tissue with a brief period of Ischemia, before a more prolonged period of ischemia. 

35 [0109] Thrombolytic therapy has been limited by a number of factors including the resistance of some thrombi to 
lysis, delays in repertusion, and reocclusion following successful thrombolysis. These limitations are believed to be 
mediated, in part, by platelet aggregation (Born and Cross J. Physiol.. 1963,^66:29-30) and, since adenosine inhibits 
platelet aggregation in addition to its other effects on preventing ischemic Injury, use of these adenosine kinase inhibitors 
may comprise a useful adjunctive therapy for conditions where thrombosis or emboli are prevalent. For example they 

40 may be useful in thrombolytic therapy or for the treatment or prevention of thrombotic diseases such as myocardial 
infarction, stroke, angina, deep vein thrombosis, transient Ischemic attacks, and pulmonary embolus. 
[0110] Adenosine has been reported to be an endogenous modulator of inflammation by virtue of its effects on stim- 
ulated granulocyte function (Cronstein et a!.. J. Clin. Invest., 1 986, 78:760-770) and on macrophage, lymphocyte and 
platelet function. The compounds of this invention may therefore be used in treating conditions in which inflammatory 

4S processes are prevalent such as arthritis, rheumatoid arthritis, osteoarthritis, autoimmune disease, adult respiratory 
distress syndrome (ARDS), Inflammatory bowel disease, necrotizing enterocolitis, chronic obstructive pulmonary dis- 
ease (CORD), psoriasis, conjunctivitis. Irldocydltis. myositis, cerebrltis, meningitis, dermatitis, renal Inflammation, 
ischemia, reperfusion Injury, peripheral vascular disease, vasculitis, atherosclerosis and other inflammatory disorders. 
Adenosine receptor agonists have been reported to be beneficial in an experimental model of Inflammation. (Schrier. 

so etal.. J. Immunol.. 1990. 145:1874-1879). 

[0111] Stroke and central nen^ous system ("CNS") trauma are conditions where tissue injury, e.g. damage to neural 
tissue such as that of the brain or spinal chord, results from reduced blood supply to the CNS and are thus amenable 
to an intervention that provides increased levels of adenosine to the compromised tissue. It is reported that a significant 
component of the neurodegeneration resulting from stroke or CNS trauma or neurodegenerative diseases is caused 

ss by increased excitatory amino acid release and sensitivity, which results in neurons being stimulated to death. In ad- 
dition to its vasodilatory properties, adenosine has been reported to inhibit excitatory amino acid release (Burke and 
Nadler J. Neurochem.. 1988, 51 : 1541) and excitatory amino acid responsiveness. The compounds of this invention, 
which Increase adenosine levels, may also be used in the treatment of conditions where release of or sensitivity to 
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excitatory amino acids is implicated such as Parkinson's disease, Amyotrophic Lateral Sclerosis, Huntington's chorea 
or Alzheimer's disease {Maragos et al., Trends Neurosci., 1987, 10:65 and Sonsella et al. Science. 1989, 243: 3981. 
These studies, together with results from experimental models of memory (Harris et al. Brain Res.. 1984, 323: 132) 
suggest additional utilities of these compounds in the treatment of disorders related to the effects of the aging process 

5 on CNS function such as Alzheimer's disease. Other studies have also linked excitatory amino acids with the patho- 
physiology of schizophrenia. (Komhuber and Fischer, Neurosci. Lett., 1982, 34:32; Kim et al. Eur. Neurol.. 1983, 22: 
367). This suggests that adenosine kinase inhibitors may be useful in treating schizophrenia. 
[0112] These adenosine kinase inhibitors may also be useful in reducing anxiety, as skeletal muscle relaxants and 
in preventing skeletal muscle spasm. 

10 [Oil 3] Adenosine has been proposed to serve as a natural anticonvulsant (Lee et al.. Brain Res.. 1 984, 321: 1 60-1 64; 
Dunwiddie, Int. Rev. Neuroblol.. 1 985, 27:63-1 39). Agents that enhance adenosine levels may be used In the treatment 
of seizure disorders. Adenosine kinase Inhibitors may be used in the treatment of patients with seizures or epilepsy or 
who might have chronic low or insufficient adenosine levels or might benefit from increased adenosine such as those 
suffering from autism, cerebral palsy, insomnia or other neuropsychlatric symptoms. Other excitatory neuromuscular 

IS tissues such as smooth muscle and cardiac muscle may be treated using these adenosine kinase inhibitors. In partic- 
ular, these adenosine kinase inhibitors may be used to decrease contraction in smooth muscle such as in the gastroin- 
testinal tract, or in vascular tissue such as an artery to prevent vasospasm which may limit blood supply to a tissue. 
Thus, these adenosine kinase inhibitors may be used to treat conditbns such as Buerger's disease, Raynaud's disease, 
thromboangiitis obliterans, angina, unstable angina, silent ischemia, or transient ischemic attacks. Other conditions 

20 sultablefor such therapy include cardiac arrhythmias (including supraventricular tachycardia), irritable bowel syndrome, 
and impotence. 

[0114] To assist in understanding the present invention and especially its properties and utilities, the results of a 
series of experiments are also included. These experiments demonstrated that a number of compounds of Formula I 
were potent inhibitors of a purified cardiac adenosine kinase with \C^qS of less than 1 ^iM. Moreover, we have shown 

25 that these compounds are specific inhibitors of adenosine kinase with low affinity at the A-i adenosine receptor and no 
significant adenosine deaminase (ADA) inhibition (Example A). We have demonstrated that a number of these com- 
pounds are also inhibitors of adenosine kinase in intact cells (Example B). These compounds include pyrrolo[2,3-d] 
pyrlmidine nucleosides modified at the 5'-position or at other positions such that it is less likely to serve as a substrate 
for phosphorylation enzymes and that, in contrast to 5-iodotubercidin (GP-1 -202), these compounds are unlikely to be 

30 phosphorylated at the 5'-positlon, incorporated into nucleotides or DNA, which may cause toxicity to cells or animals. 
We have demonstrated that inhibition of the cardiac adenosine kinase was achieved in vivo following systemic admin- 
istration or, in some cases, oral administration of these compounds. 

[0115] We have demonstrated the ability of these compounds to reduce damage resulting from ischemia and/or 
reperf usion in an experimental isolated heart model as shown in Example C. A more detailed study demonstrates that 

35 functional benefit may be achieved without vasodllatory effects on basal coronary flow which reflects increases in non- 
ischemic flow (indicative of the potential for coronary steal) or on heart rate. This result was unexpected given the 
previous descriptions by Newby et al (Biochem. J. 1983, 214,317-323) and Schrader (Regulatory Functions of Ade- 
nosine, Beme et al. eds., pp. 133-156 1983) of the increases in basal coronary flow caused by adenosine kinase 
inhibitors. Selected compounds, such as GP-1 -238, were also evaluated to determine the potential for toxic hemody- 

40 namic effects or hypothermia associated with administration of adenosine kinase inhibitors. GP-1 -238 is a compound 
of formula IV in which B is amino, E is hydrogen, F is amino and G is hydrogen. No effects were observed in conscious 
animals on blood pressure, heart rate or temperature with doses of inhibitor greatly in excess of that required to inhibit 
the cardiac adenosine kinase (Example D). 

[0116] Further experiments demonstrated that the adenosine kinase inhibitor GP-1 -51 5 is beneficial In an expert- 
45 mental model of stable angina in dogs. In this study Intravenous infusion of the compound attenuated the decline in 
function associated with repeated episodes of pacing-Induced ischemia (Example E). The potential antithrombotic 
activity of adenosine kinase inhibitors is supported by the ability of GP-1 -51 5 to abolish cyclic flow reductions (CFR's) 
In 3 out of 8 dogs examined in the Folts model of coronary artery thrombosis (Example F). These results support 
potential utility of these compounds in thrombotic diseases, such as angina and myocardial infarction. 
50 [0117] In other experimental models, the ability of selected adenosine kinase inhibitors (GP-1 -272 and GP-1-456) 
to inhibit neutrophil adherence to endothelial cells, an inflammatory response mediated at the cellular level was eval- 
uated (Example G). Certain adenosine kinase Inhibitors were found to exhibit anti-inflammatory activity in aninnal mod- 
els of inflammatbn. For example compounds may show at least about 20% reduction of total mean hind paw edema 
at a dose of 300 mg/kg/day or less in an in vivo inflammation test method (see Handbook of Animal Models for the 
55 Rheumatic Diseases, Robert Greenwald and Herbert Diamond, EDS (CRC Press, 1988). The ability of adenosine 
kinase inhibitors (GB-1-515, GP-1-547) to attenuate contraction in the isolated ileum (Example H) supports the utility 
of these compounds in gastrointestinal disorders especially Irritable bowel syndrome. In the central nervous system 
(CNS), the potent effects of selected adenosine kinase inhibitors (such as GP-1 -456, GP-1 -560) in attenuating chemteal 
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and electroshock induced seizures in experimental animal models demonstrates that these compounds will be useful 
as anticonvulsants in epilepsy (Example I), as well as in other CNS diseases treatable by local increases in adenosine 
levels. 

[0118] Compound GB-1-560 is a pyrazolapyrimidine of formula II in which B is hydrogen, D is iodine, F is amino and 
5 G is hydrogen. 

FORMULATiONS 

[0119] Compounds of the Invention are administered to the affected tissue at the rate of from 0. 1 to 200 nmole/innin/ 

10 kg, preferably from 1 to 20 nmol/min/kg. Such rates are easily maintained when these compounds are intravenously 
administered as discussed below. When other methods are used (e.g., oral administration), use of time-release prep- 
arations to control the rate of release of the active ingredient may be preferred. These compounds are administered 
in a dose of about 0.01 mg/kg/day to about 1 00 mg/kg/day, preferably from about 0. 1 mg/kg/day to about 1 0 mg/kg/day. 
[01 20] For the purposes of this invention, the compounds of the invention may be administered by a variety of means 

IS including orally, parenterally, by inhalation spray, topically, or rectally in formulations containing conventional non-toxic 
pharmaceutically acceptable carriers, adjuvants and vehicles. The term parenteral as used herein includes subcuta- 
neous, intravenous, intramuscular, and intraarterial injections with a variety of infusion techniques. Intraarterial and 
intravenous injection as used herein includes administration through catheters. Preferred for certain indications are 
methods of administration which allow rapid access to the tissue or organ being treated, such as intravenous injections 

20 for the treatment of myocardial infarction. When an organ outside a body is being treated, perfusion is preferred. 

[0121] Pharmaceutical compositions containing the active ingredient may be in any form suitable for the intended 
method of administration. When used for oral use for example, tablets, troches, lozenges, aqueous or oil suspensions, 
dispersibie powders or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared. Compositk>ns 
intended for oral use may be prepared according to any method known to the art for the manufacture of pharmaceutical 

2S compositions and such compositions may contain one or more agents including those from the group consisting of 
sweetening agents, flavoring agents, coloring agents and preserving agents, in orderto provide a palatable preparation. 
Tablets containing the active ingredient in admixture with non-toxic pharmaceutically acceptable excipient which are 
suitable for manufacture of tablets are acceptable. These excipients may be, for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, 

30 such as maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and lubricating agents, such 
as magnesium stearate, stearic acid or talc. Tablets may be uncoated or may be coated by known techniques including 
mkiroencapsulation to delay disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained 
action over a longer period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate 
alone or with a wax may be employed. 

35 [0122] Formulations for oral use may be also presented as hard gelatin capsules wherein the active ingredient is 
mixed with an Inert solid diluent, for example calcium phosphate or kaolin; or as soft gelatin capsules wherein the active 
ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive oil. 
[0123] Aqueous suspensbns of the Invention contain the active materials in admixture with excipients suitable for 
the manufacture of aqueous suspensions. Such excipients include a suspending agent, such as sodium carboxymeth- 

40 ylcellulose, methylcellulose, hydroxypropylmethylcelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and 
gum acacia, and dispersing or wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation 
product of an alkylene oxide with a fatty acid (e.g., polyoxy ethylene stearate), a condensation product of ethylene oxide 
with a long chain aliphatic alcohol (e.g., heptadeaethyleneoxycetanol), a condensation product of ethylene oxide with 
a partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxy ethylene sorbitan monooleate). The 

45 aqueous suspension may also contain one or more preservative such as ethyl of n-propyl p-hydroxybenzoate, one or 
more coloring agent, one or more flavoring agent and one or more sweetening agent, such as sucrose or saccharin. 
[0124] Oil suspensions may be formulated by suspending the active ingredient in a vegetable oil, such as arachis 
oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. The oral suspensions may contain a 
thickening agent, such as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth above, 

50 and flavoring agents may be added to provide a palable oral preparation. These compositions may be preserved by 
the addition of an antioxidant such as ascorbic acid. 

[0125] Dispersibie powders and granules of the invention suitable for preparation of an aqueous suspension by the 
addition of water provide the active ingredient in admixture with a dispersing or wetting agent, a suspending agent, 
and one or more preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those 
55 disclosed above. Additional excipients, for example sweetening, flavoring and coloring agents, may also be present. 
[0126] The pharmaceutical compositions of the invention may also be In the form of oil-in-water emulsions. The oily 
phase may be a vegetable oil, such as olive oil or arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these. 
Suitable emulsifying agents include naturally-occurring gums, such as gum acacia and gum tragacanth, naturally oc- 
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curring phosphatides, such as soybean lecithin, esters or partial esters derived fronn fatty acids and hexitol anhydrides, 
such as sorbitan mono-oleate« and condensation products of these partial esters with ethylene oxide, such as polyox- 
yethylene sorbitan mono-oleate. The emulsion nnay also contain sweetening and flavoring agents. 
[0127] Syrups and elixirs may be formulated with sweetening agents, such as glycerol, sorbitol or sucrose. Such 

5 formulations may also contain a demulcent, a preservative, a flavoring or a coloring agent. 

[0128] The pharmaceutical compositions of the invention may be in the form of a sterile injectable preparation, such 
as a sterile injectable aqueous or oleaginous suspension. This suspension may be formulated according to the known 
art using those suitable dispersing or wetting agents and suspending agents which have been mentioned above. The 
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally-accept- 

10 able diluent or solvent, such as a solution in 1 ,3-butanedlol or prepared as a lyophylized powder Among the acceptable 
vehicles and solvents that may be employed are water, Ringer's solution and isotonic sodium chloride solution. In 
addition, sterile fixed oils may conventionally be employed as a solvent or suspending medium. For this purpose any 
bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid 
may likewise be used in the preparation of injectables. 

IS [0129] The amount of active Ingredient that may be combined with the carrier material to produce a single dosage 
form will vary depending upon the host treated and the particular mode of administration. For example, a time-release 
formulation intended for oral administration to humans may contain 20 to 200 moles of active material compounded 
with an appropriate and convenient amount of carrier material which may vary from about 5 to about 95% of the total 
compositions. It is preferred that pharmaceutical composition be prepared which provides easily measurable amounts 

20 for administration. For example, an aqueous solution intended for intravenous infusion should contain from about 20 
to about 50 moles of the active Ingredient per milliliter of solution in order that infusion of a suitable volume at a rate 
of about 30 ml/hr can occur. 

[0130] As noted above, formations of the present invention suitable for oral administration may be presented as 

discrete units such as capsules, cachets or tablets each containing a predetermined amount of the active Ingredient; 

25 as a powder or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; or as an oll-in-water liquid 
emulsion or a water-ln-oll liquid emulsion. The active ingredient may also be administered as a bolus, electuary or paste. 
[01 31] A tablet may be made by compression or moulding, optionally with one or more accessory ingredients. Com- 
pressed tablets may be prepared by compressing In a suitable machine the active ingredient in a free-flowing form 
such as a powder or granules, optionally mixed with a binder (e.g. , povidone, gelatin, hydroxypropylmethyl cellulose), 

30 lubricant, inert diluent, preservative, disintegrant (e.g. , sodium starch glycolate, cross-linked povidone, cross-linked 
sodium carboxymethyl cellulose) surface-active or dispersing agent. Moulded tablets may be made by moulding in a 
suitable machine a mixture of the powdered compound moistened with an inert liquid diluent. The tablets may optionally 
be coated or scored and may be formulated so as to provide sbw or controlled release of the active ingredient therein 
using, for example, hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile. Tablets 

35 may optionally be provided with an enteric coating^ to provide release In parts of the gut other than the stomach. This 
is particularly advantageous with the compounds of formula (I) as such compounds are susceptible to acid hydrolysis. 
[0132] Formulations suitable for topical administration in the mouth include lozenges comprising the active ingredient 
in a flavored basis, usually sucrose and acacia ortragacanth; pastilles comprising the active ingredient in an inert basis 
such as gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable 

40 liquid carrier. 

[01 33] Formulations for rectal administration may be presented as a suppository with a suitable base comprising for 
example cocoa butter or a salicylate. 

[0134] Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams, gels, 
pastes, foams or spray formulations containing in addition to the ddPN ingredient such carriers as are known in the 

45 art to be appropriate. 

[0135] Formations suitable for parenteral administration include aqueous and non-aqueous Isotonic sterile injection 
solutions which may contain anti-oxidants, buffers, bacteriostats and solutes which render the formation isotonic with 
the blood of the intended recipient; and aqueous and non-aqueous sterile suspensions which may Include suspending 
agents and thickening agents. The formulations may be presented in unit-dose or multidose sealed containers, for 

50 example, ampoules and vials, and may be sorted in a freeze-dried (lyophlllzed) condition requiring only the addition 
of the sterile liquid carrier, forexample water for injections, immediately prior to use. Extemporaneous injection solutions 
and suspensions may be prepared from sterile powders, granules and tablets of the kind previously described. 
[01 36] Preferred unrt dosage formulations are those containing a daily dose or unit, daily sub-dose, or an appropriate 
fraction thereof, of an adenosine kinase inhibitor compound. 

55 [0137] It will be understood, however, that the specific dose level for any particular patient will depend on a variety 
of factors including the activity of the specific compound employed; the age, body weight, general health, sex and diet 
of the individual being treated; the time and route of administration; the rate of excretion; other drugs which have 
previously been administered; and the severity of the particular disease undergoing therapy, as is well understood by 
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those skilled in the art. 

[01 38] Examples of use of the method of the invention includes the following. It will be understood that these examples 
are exemplary and that the method of the Invention is not limited solely to these examples. 

[01 39] The method may be used following thrombolysis for coronary occlusion. The compound would be given as a 
5 sterile injectable preparation with water or isotonic sodium chloride as the solvent. The solution can be administered 
intravenously or directly into the coronary artery at the time of left heart catheterization or into a carotid artery. The rate 
of administration could vary from 1 to 20 nmole/min/kg with, for example, an infusion volume of 30 ml/hr. Duration of 
therapy would typically be about 96 hours. 

[0140] Angina and early myocardial infarcts can be treated by Intravenous administration using a sterile injectable 

10 preparation using the rates discussed above. 

[0t41] Capsules comprising adenosine kinase inhibitors suitable for oral administration according to the methods of 
the present invention may be prepared as follows: (1) for a 10,000 capsule preparation: 1500g of adenosine kinase 
inhibitor is blended with other ingredients (as described above) and filled into capsules which are suitable for admin- 
istration depending on dose, from about 4 capsules per day (1 per 6 hours) to about 8 capsules per day (2 capsules 

15 per 6 hours), to an adult human. 

[0142] The compounds of this invention and their preparation can be understood further by the examples which 
illustrate some of the processes by which these compounds are prepared. These examples should not however be 
construed as specifically limiting the invention and variations of the invention, now known or later developed, are con- 
sidered to fall within the scope of the present invention as herein after claimed. 

20 

EXAMPLES 

EXAMPLE 1 

25 Preparation of 5'-Azido-5'-deoxv 2\ 3'-0-(1 -methvlethylldene) inosine 

[0143] This material was prepared by tosylation of 2', 3'-(1 -methylethylidene)inosine and subsequent reaction with 
sodium azide in DMSO as described by Hampton. A. ; J. Org. Chem.. 1 968, J1.: 1 220. 

30 EXAMPLE 2 

Preparation of 9-[5-Azido-5-deoxv-2.3-Q-(1-methvlethvlldene)-1 -B-D-ribofuranosvn-6-chloropurine 

[0144] A solution of the azide (Example 1) (12.01 g, 0.036 mole) in dry CHgClg (500ml) was added, during 1 hr, to 
35 a warm solution of SOCIg (8.1 ml, 0.11 moles) and DMF (4.05 ml, 0.05 moles) in CH2CI2 (50 ml). The resulting solution 
was refluxed for 6 hrs while a continuous stream of argon gas was bubbled through the reaction mixture to remove 
HCI. The reaction was cooled and added to a cold, rapidly stirred aqueous solution of KHCO3. After stirring for 15 
minutes the layers were separated and the organic layer was washed with cold aqueous K2C03, H20(2x), dried 
(Na2S04) and concentrated under vacuum. The residue was redlssolved in CH2CI2 and filtered through a plug of SIO2 
40 gel. Evaporation of the filtrate under vacuum gave 11 .3 g (89% yield) of the title compound as a pale yellow oil. 

EXAMPLE 3 

General Procedure for the Preparation of N®-Substituted-5'-azldo-5'-deoxv-2',3'-0-f1-methvlethvlidene)adenosines 

45 

[0145] To a solution of chloride (Example 2) (1 mmole/5 ml) in EtOH or n-BuOH was added amine (1 .3 equivalents) 
and EtgN (1 .8 equivalents). The solution was heated to reflux for 1 2-24 hours under Ar until judged complete by TLC. 
The reaction mixture was evaporated under vacuum, dissolved in CH2CI2 and washed with aq. K2CO3 and H2O. The 
CH2CI2 solution was dried (Na2S04) concentrated and used directly in the next step or chromatographed on SiOg gel 
so using CH2Cl2-MeOH mixtures. 

EXAMPLES 4 to 14 

General Procedure for the Preparation of N6-Substituted-5'-azidQ>5'deoxvadenosines 

55 

[0146] The N^-substituted isopropylidene azide (Example 3) (1.0 g) was dissolved in HCO2H (10-20 ml) and diluted 
with an equal volume of HgO. The reaction was followed by TLC. After disappearance of the starting materia! (12-48 
hr). the reaction mixture was evaporated under vacuum, coevaporated with HgO (3x) then ETOH (2x). The residue 



22 



EP0 496 617 B1 



was crystallized from H2O, alcohol or mixtures. 

The compounds in Table I (Examples 4-14) were prepared by this procedure: 



TABLE I 



GP1-# 


Example 


F 


MP CO 


266 


4 


4>NH 


121-126** 










317 


6 


4-Cl({)NH 


209-210° 


299 


7 


^CHgCHgNH 


144-146'* 


337 


8 


N-indolinyl 


157-159'' 


346 


9 


4-(HOCH2CH2)(l)NH 


147-151" 




10 


-NH{CH2)i2NH-(dimer) . 


foam 


• 385 


11 


N-indolyP 


186-188'* 


391 


12 


N-(5-bromoindolinyl) 


194-196'* 


421 


13 


N-(5-methoxyindolinyl) 


184-185'* 


557 


14 


1,4-piperazinyl 


198-204"* 



^' Prepared from indole and sodium hydride in DMF. 

20 

EXAMPLES 15-20 

General Procedure for the Preparation of N^-Substituted-5'-amino-5'-deoxvadenoslnes and Hydrochloride Salts 

^5 [0147] A solution of the azide in EtOH or MeOH containing 10% Pd-C (25-50% weight of azide) was hydrogenated 
on a Parr shaker at 25 psi for 4-8 hours. The mixture was filtered, the catalyst rinsed well with solvent and the filtrate 
evaporated. The residue was recrystallized to give the free base or converted to the salt. The hydrochloride salt was 
prepared by slurrying or dissolving the free base In a small volume of EtOH, adding dry ethanolic HCI to a pH of 4-6, 
warming the mixture and then chilling to crystalize out the salt (in some cases Et20 was added to precipitate the salt). 

30 The compounds in Table II (Examples 15-20) were prepared by this procedure: 



TABLE II 



3$ 



GP1-# 


Example 


F 


MP.°C (salt) . 


272 


15 


CH3NH 


170-172'* (HCOgH) 


286 


16 


c|)NH 


169-173'* (HCI) 


328 


17 


(fCHaCHaNH 


130'*(d) (HCI) 


345 


18 


N-lndolinyl 


202-203** (HCI) 


373 


19 


-HN(CH2)i2NH-(dimer) 


151-153'* (HCI) 


565 


20 


1,4-piperazinyl 


140-145'* (HCI) 



EXAMPLE 21 

Preparation of 5'-deoxv-2'.3'-0-(1 -methvlethvlidene)lnosine 

[0148] A solution of 5*-deoxy-5'-lodo-2',3'-0-(1-methylethylidene)inosine (5.45 g, 0.013 mol) in 80 ml of methanol 
containing triethylamine (2.0g) and 10% palladium on charcoal (737 mg) was hydrogenated for 2 hr under 50 psi H2. 
The reaction mixture was filtered and the filtrate concentrated and allowed to crystalize. The product was collected by 
filtration and dried under vacuum to give 2.45 g (82% yield) of the title compound. 

EXAMPLE 22 

Preparation of 6-Chloro-9-[5-deoxv-2,3-0-(1 -methvlethvlidene)-1 -&-D-ribof uranosyllpurine 

[0149] A solution of the blocked 5'-deoxyinosine (1 .4 g, 4.8 mmol), tetraelhylammonium chloride (1 .9 g, 11 .5 mmol), 
diethylaniline (1 .2 ml. 7.2 mmol) and phosphorous oxychlorlde (3.35 ml, 36 mmole) in CH3CN (24 ml) was refluxed for 
10 minutes then evaporated. The residue was dissolved In CH2CI2, washed with water, aqueous KHCO3 solution, water 
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and dried (Na2S04). The solution was concentrated and filtered through a plug of SIO^ gel. The filtrate was evaporated 
to give 860 mg (65% yield) of title compound as a yellow oil. 

EXAMPLE 23 

5 

General Procedure for Preparation of N^-substituted 5'-deoxvadenosines 

[01 50] The above identif ied.compounds were prepared using the procedures described in Example 3 and Examples 

4-14. 

10 [0151] The compounds listed in Table 111 were prepared by this procedure. 



TABLE III 



GPI-# 


EXAMPLE 


F 


M.P(»C) 


595 


23 


1 ,4-piperazinyl 


220-225' 



EXAMPLE 24 

Preparation of e-BromO'2'.3'-0-{1 -methvlidene)'5'-0-f4-methvlbenzenesulfonvnadenosine 

20 

[0152] The above-identified compound may be prepared as described: Ikshara, M.; Kaneko, M.; Sagi, M.; Tetrahe- 
dron. 1970« 26:5757. 

EXAMPLE 25 

25 

Preparation of N^>Formvl'8-bromo-2'.3'-0-(1 -methvlethvlidene)-S'-0-(4-methvlben2enesulfonvl) adenosine 

[0153] To acetic-formic anhydride (prepared by stirring 25 ml of acetic anhydride and 12.5 ml of formic acid for 15 
minutes at 45"C) at 0*»C. was added the tosylate (Example 24) (4.0 g, 7.30 mmol). The resulting solution was allowed 
30 to warm to 22"C and stirred for 48 hours. The reaction mixture was evaporated, chased 2x with toluene and the residue 
dissolved in CHCI3 and filtered through a plug of silica gel. Evaporation of the filtrate and crystallization of the residue 
from ethanol gave 4.0 g (96%) of the title compound. 

EXAMPLE 26 

35 

Preparation of 5'-Deoxv-5'.e-diazido-2'.3'-0-f 1 -methvlethvlidene^adenosine 

[0154] To a hot (75°C), well stirred slurry of NaNg (2.23 g, 34.3 mmol) in dimethylsu If oxide (35 ml) was added the 
formyl tosylate (Example 25) (4.00 g, 6.9 mmoles). The reaction temperature was held at 75*C for one hour then cooled 
40 to 25'C. The mixture was poured into stirring HgO (90 ml), slurried for ten minutes, the solid was collected by filtration, 
rinsed with HgO (3x), cold ethanol and dried. The crude product was dissolved in CHCla, filtered through silica gel and 
the filtrate evaporated to give the N^-formyl derivative 1.20 g; m.p. 107*110°C. 

[0155] The N^-formyl derivative was deformylated by slurrying in MeOH, adding saturated methanolic ammonia (80 
ml) and warming until homogenous. After 1 5 minutes the solution was evaporated, the residue recrystallized from EtOH 
45 and dried to give the title compound; 0.900 g (60% yield); m.p. 166-168'^C. 

EXAMPLE 27 

Preparation of 5'-Deoxv-5'.8-dlazidoadenosine 

so 

[0156] The isopropylidene diazide of Example 26 (1 .00 g. 3.15 mmol) was deblocked as described under Example 
4 and recrystallized from HgO; 760 mg (85% yield); m.p. 128-130°. 

EXAMPLE 28 

55 

Preparation of 5'-Deoxv-5'-e-diaminoadenosine Fonmate 

[0157] The diazide of Example 27 (0.660 g, 2.0 mmol) was hydrogenated as described under Example 15 and re- 
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crystallized from abs. EtOH to give after drying, 400 mg (61% yield). This material was further purified by conversion 
to the formate salt (HCOa/EtOH/EtgO): m.p. 98°C(d). 

EXAMPLE 29 

5 

Preparation of S'-Deoxy-S'-formylaminoadenosine 

[0158] To cold (5*C) acetic-formic anhydride (10 ml acetic anhydride and 5 ml formic acid) was added 5'-amino-5'- 
deoxy-2', 3'-0-(1-methylethyIidene)adenosine (670 mg, 2.0 mmol). The solution was stirred for 24 hours then evapo- 

10 rated, and coevaporated with toluene (2x) then EtOH. The residual foam was dissolved in methanolic ammonia con- 
taining CHgClg and stirred overnight. TLC (SiOg gel, 9:1 CHCIg-MeOH) indicated the initial product was converted to 
a more polar product. The solution was evaporated, the residue dissolved in CHCI3 with 3% MeOH and filtered through 
a plug of Si02 gel. Evaporation of the filtrate gave 520 mg of a white foam. This material (500 mg) was deblocked with 
HCO2H as described for Example 4 and recrystatlized from EtOH-H20 to give the title compound: yield 0.35 g (55%); 

IS m.p. 212-21 3'»C. 

EXAMPLE 30 

Preparation of 6-(N-lndolinvn-9-f2,3-0-(1-methvlethvlidene) -1 -fi-D-ribofuranosvUpurine 

20 

[0159] A mixture of the isopropylidene of 6-chlorop urine riboside (11 .5 g, 0.035 mol), indoline (5.1 3 ml, 0.046 mole) 
and triethylamine (8.82 ml, 0.063 mole) in n-butanol (60 ml) was stirred and heated to reflux for 24 hours. The reaction 
was cooled and the solid collected by filtration, rinsed with EtOH and dried to give the title compound: 10.70 g (75% 
yield); m.p. 119-125"C. 

25 

EXAMPLE 31 

Preparation of 6-(N-lndolinvn-9-r2.3-0-(1 -methvlethvlidene) -5-0-(4-methvlbenzenesulfonvl)-1 -B-D-ribof uranosvl)] 
purine 

30 

[0160] To a cold (0**C) solution of the alcohol (Example 30) (6.0 g, 0.015 mol) in dry pyridine (40 ml) was added with 
stirring, jg-toluenesulfonyl chloride (6.96 g, 0.36 mol). The solution was sealed and stored at 0-1 0°C for 72 hours then 
poured with stirring into cold H2O (30 ml). The solid was collected by filtration and rinsed 3x with HgO. After drying at 
25^C under vacuum, the title compound was obtained: 6.85 g (83% yield); m.p. 195°C (d). 

35 

EXAMPLE 32 

Preparation of 6-(N-lndolinvl)-9-f5-0-(4-methvlbenzenesulfonvl)-1 -B-D-ribofuranosvl)lp urine 

40 [0161] A slurry of the protected tosylate (Example 31) (5.80 g, 10.0 mmole) in hydrochloric acid (23 ml) and EtOH 
(255 ml) was heated until homogenous then refluxed for 15 minutes. The solution was cooled in an ice bath and 
neutralized with KHCO3. The solid was collected by filtration, washed with H2O, EtOH then MeOH. After drying, 3.38 
g (65% yield) of the title compound were obtained; m.p. 112*C(d). 

45 EXAMPLE 33 

Preparation of 6-(N-lndolinvl)-9-(5-methylamino-5-deoxv-1-B-D-ribofuranosvl)purine Hvdrochloride 

[0162] To 40% aqueous methylamine (40 ml) was added the tosylate (Example 32) (2.0 g, 3.8 mmol) and sufficient 
so MeOH to give a clear solution. The solution was stirred for one week then concentrated under vacuum. The residue 
was coevaporated 3x with MeOH then recrystallized from MeOH to give the free base, 0.310 g (21% yield). A portion 
of this material was converted (ethanolic HCI) to the hydrochloride salt, m.p. 170-172^*. 

EXAMPLE 34 

55 

Preparation of 4-Chloro-7H-pvrrolof2.3-dlpvrimidine 

[0163] The above- identified compound was prepared as described: Davoll, J.; J. Chem. Soc.. 1960, 1 31 . 
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EXAMPLE 35 

Preparation of 5-Bromo-4-chloro-7H-pvrroloF2.3-cnpvfimidine 

s [0164] The above identified compound was prepared as described: Hinshaw, B.; Gerster, J.; Robins, R.; Townsend, 
L: J. Heterocyclic Chem.. 1969. 215. 

EXAMPLE 36 

10 Preparation of 4-Chloro-5-iodo-7H-pvrrolo[2.3-d1pvrimidine 

[01 65] The above-identified compound was prepared as described: Pudio, J.; Nassiri, M.; Kern, E.; Wartiny, L. ; Drach, 
J.; Townsend, L: J. Med. Chem. . 199 0, 33. 1984. 

IS EXAMPLE 37 

Preparation of 4-Chloro-5-methvl-7H-pvrrotof2.3'dlpvrimidine 

[0166] The above-identified compounds was prepared as described: Pudlo. J.; Nassir, M.; Kern, E.; Wotring, L.; 
20 Drach, J.; Townsend, L; J. Med. Chem .. 1990, 33. 1984. 

EXAMPLE 38 

Preparation of 4-Chloro-2-methvlthio-7H-pvrrolo[2.3-d1 pyrimidine 

25 

[0167] The above-identified compound was prepared as described: Noel, C, Robins, R.; J. Heterocyclic Chem. . 
1964,i 34. 

EXAMPLE 39 

30 

Preparation of 2-Amino-4-chloro-7H-pvrrolof2.3-d1pyrimidine 

[0168] The above- Identified compound was prepared as described: Pudlo, J.; Nassiri, M.; Kern, E.; Wotring, L; 
Drach, J.; Townsend, L: J. Med. Chem .. 1990. 33, 1984. 

35 

EXAMPLE 40 

Preparation of 2-Amino-4-chloro-7H-pvrrolof2,3-dlpvrimidine 

40 [0169] The above-identified compound was prepared as described. Seela, R; Stiker, H.; Driller, H.; Binding, N.; Lie- 
bios Ann. Chem. , 1987, 15. 

EXAMPLE 41 

45 Preparation of 4-ChlorO'5'methvlthio-7H-pvrrolof2,3-d]pvrlmidlne 

[0170] A solution of 5-bromo-4-chloro-7H-pyrrolo[2,3-d]pyrimidlne (Example 35) (2.53 g, 1 0 mmol) in anhydrous THF 
(30 mL) was cooled to •78°C under argon and a solution of n-butyl lithium (12 mL of 2.3 M solution, 25 mmol) was 
added at such a rate that the reaction temperature remained below -72°C. After the addition, the reaction mixture was 

50 stirred at -7B'C for 45 min, a solution of methyl disulfide (0.95 ml, 10 mmol) in tetrahydrofuran (1 0 mL) was added over 
a period of 30 minutes maintaining the temperature below -72*'C. The reaction mixture was stirred at -78'*C for 2.5 
hours then allowed to warm to room temperature. A saturated solution of ammonium chloride (40 mL) was added to 
the reaction with stirring. The organic layer was separated, the aqueous layer extracted with ethyl acetate (2x40 mL) 
and the combined organic extracts were dried (MgS04), filtered and evaporated to obtain a pale yellow solid which 

ss was crystallized from EtOH: yield 1 .65 g; (70%) m.p. 166-167*C. 
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EXAMPLE 42 

Preparation of 4-Chtoro-5-cvano-7H-pvrrolo[2,3-d]pvrimidine 

5 [0171] A2.31 M solution of n-butyllithium in hexane (6.1 mL, 1 4. 0 mmol) was added drop wise to a solution of 4-chloro- 
5-bromopyrrolopyrimldine (Example 35) (1.461 g, 6.37 mmol) in 65 mL THF at -TS^C and the resulting light yellow 
suspension stirred at this temperature for 1 hour. A cold (-78'*C) solution of p-tolylsutfonylcyanide (2.08 g, 11 .5 mmol) 
in 35 mL THF was added dropwise via cannula and the resulting mixture stirred at this temperature for 1 hour Aqueous 
NH4Ct was added and the resulting solution was diluted with 1 00 mL CH2Ct2. The organic layer was separated, washed 

10 with water, brine, dried (MgS04) and evaporated to provide a tan solid (1 .3 g) which appeared to be a 1 :1 mixture of 
the title nitrile and 4-chloropyrrolo-pyrlmidlne by ^ H NMR. This material was recrystallized from 25 mL ethanol to provide 
435 mg (38%) of the title nitrile as a tan solid: m.p. 300'*C. 

[0172] This compound may also be prepared as described: Tollman et al., J. Amer. Chem. Soc. 1969, 91 : 21 02. 

IS EXAMPLE 43 

Preparation of 4-Chloro-5-ethoxvcarbonvl-7H-pvrrolo[2.3-d]pvrimidlne 

[0173] A solution of 5-bromo-4-chloropyrrolo[2,3-d]pyrimidine (Example 35) (232 mg; 1 mmol) in anhydrous THF (5 
20 ml) was cooled to -78°C under argon and a solution of n-butyl lithium (1 .3 mL of 2.31 M) was added at such a rate 

that the temperature of the reaction mixture remained below -72'*C. After stirring the reaction mixture at -78°C for 45 
minutes, a solution of ethyl chloroformate (0.15 mL) in THF (2 ml) was added slowly maintaining the reaction temper- 
ature below -72°C. The reaction mixture was stirred at -78''C for 2 hours then allowed to warm to room temperature. 
A saturated solution of NH4CI (20 mL) was added to the reaction mixture. The organic layer was separated and the 
25 aqueous layer was extracted with ethyl acetate (2x25 mL). The combined organic extracts were dried and evaporated 
to a white solid, yield 210 mg (92%): m.p. 140-141*0. 

EXAMPLE 44 

30 Preparation of 5-O-f (1 ,1 -Dimethvlethvl)dimethvlsilvl1-2.3-0-(1 -methvlethvlidene)-D-ribofuranose 

[0174] The above-identified compound was prepared as described: H. Rosemeyer, H.; Seela, Helv. Chim. Acta., 
1988,71, 1573. 

35 EXAMPLE 45 

Preparation of 5-Deoxv-D-ribofuranose 

[01 75] The above-Identified compound was prepared as described: Snyder J. ; Serianni, A. ; Carbohydrate Research, 
40 1987, 163. 169. 

EXAMPLE 46 

Preparation of 5-O-Methvl-D-ribofuranose 

45 

[0176] The above-identified compound was prepared as described: Snyder, J.; Serianni, A.: Carbohydrate Research, 
1987. 163, 169. 

EXAMPLE 47 

50 

Preparation of 1-0-Methvt-2,3-0-(1-methvlethylidene) -5-0-(4-methvlben2enesulfonyl>-D-ribofuranoside 

[0177] The above-identified compound was prepared as described: Snyder, J.; Serianni, A.: Carbohydrate Research. 
1987,^63^ 169. 

55 
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EXAMPLE 48 

Preparation of 5-Deoxv-2.3-Q-(1-methvlethvlideneVD-ribofuranose 

5 [01 78] 5-Deoxy-D-ribof uranose (8.g, 60 mmole) was dissolved in DMF (25 ml) and to the solution was added dimeth- 
oxypropane (10 ml) and p-toluenesulfonic acid (150 mg). The reaction was stirred overnight then neutralized with 
Amberlite 400 (OH resin. The mixture was filtered, concentrated and the residue chromatographed on SiO^ gel using 
1 5: 1 CH2Cl2-MeOH. The appropriate fractions were collected and evaporated to yield 4. 1 g (39% yield) of viscous liquid. 

10 EXAMPLE 49 

Preparation of 5-0-Methvl-2,3-0'(1 -methvlethvlidene)-D-ribofuranose 

[01 79] To a solution of 5-0-methyl-D-ribof uranose (6.0 g, 36 mmole) in dry DMF (25 mL), 2,2-dimethoxypropane (25 
IS mL) and p-toluenesulfonic acid (250 mg) were added and the solution was stirred at room temperature for 20 hours. 

Volatile materials were evaporated under reduced pressure and the residue was chromatographed over SiO^ gel using 
3:1 hexane:ethyl acetate. Appropriate fractions were pooled and evaporated to give the title compound as an oily 
product, yield: 5.0 g (68%). 

20 EXAMPLE 50 

5-Azido-5-deoxv-1-0-methvl-2.3-0-f1-methvlethvlidene) -D-ribofuranoside 

[01 80] A mixture of 1 -0-methyl-2,3-0-(1 -methylethylidene)-5-0-(4-methylbenzenesulfonyl)-D-ribof uranoside (8.0 g, 
2S 22 mmol), dry DMF (40 mL) and NaNs (4.0 g. 62 mmol) was heated at 80*0 under anhydrous conditions for 1 2 hours. 

The solvent was evaporated under high vacuum and the residue was chromatographed over silica gel using CH2CI2. 
The fractions containing the faster moving product were pooled and evaporated to obtain 4.8 g (94% yield) of a syrupy 
product. 

30 EXAMPLE 51 

Preparation of 5- Azido-5-deoxv-D-ribof uranose 

[0181] A solution of 5-a2ido-5-deoxy-1-0-methyl-2,3-0-(1-methylethylidene)-D-ribofuranoside (4.6 g, 20 mmol) in 
35 0. 1 % H2SO4 (300 mL) was gently refluxed for 3 hours. The acid was neutralized (pH -5) with Amberlite 400 (OH- form) 
and the resin filtered and washed with ethanol (2x20 mL), The filtrate was evaporated to dryness under high vacuum 
to give the title compound as a syrupy residue; and ^^C NMR confirmed the identity of the product as a mixture of 
a and p anomers. 

40 EXAMPLE 52 

Preparation of 5-Azido-5-deoxv-2,3-0-(1 -methylethvlidene)-g-D-ribof uranose 

[0182] The crude 5-azido-5-deoxyribose (Example 51) was dissolved in dry DMF (10 mL) and treated with 2,2- 
4S dimethoxypropane (10 mL) and p-toluenesulfonic acid (100 mg). The solution was stirred at room temperature for 20 
hours then evaporated under high vacuum. The residue was chromatographed over SiO^ gel using 3:1 hexanerethyl 
acetate. The appropriate fractions were pooled and evaporated to obtain the title compound, yield 2.4 g (56% yield). 

EXAMPLE 53 

so 

Preparation of 1-0-Methvl-2.3-0-(1-methvlethvlidene^ D-pentodlaldo-1 .4-furanoside 

[0183] The above-identified compound was prepared as described: Moorman, A.,; Borchardt, R.; Nucleic Acid Chem- 
istry-Part III. Ed. Towsend. L., Tipson. R.; John Wiley and Sons, N.Y.; 1986, pages 38-41. 

55 
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EXAMPLE 54 

Preparation of S-Benzovl-D-allofuranose 

5 [01 84] The sugar aldehyde from Example 53 ( 1 GO mmole) was dissolved in anhydrous THF and treated with a com- 
mercially available solution of methyl magnesium bromide (100 m mol) under anhydrous conditions. After 2 hours of 
stirring at room temperature, a saturated solution of ammonium chloride in water (180 mL) was added. The organic 
layer was separated and the aqueous layer was extracted with ether (2 x 100 mL). The combined organic layers were 
dried and evaporated to obtain an oily product whose NMR was consistent with methyl-6-deoxy-2:3-lsopropylidene- 

10 D-allofuranoside. The crude product was dissolved in pyridine (50 ml) and treated with benzoic anhydride (1 20 mmole). 
After stirring for 18 hours, methanol (2 ml) was added and the reaction mixture was evaporated under high vacuum. 
The residue was dissolved in ethyl acetate (300 ml) and washed successively with water, saturated bicarbonate solu- 
tion, and brine. The organic layer was dried and evaporated to obtain a glassy product which was purified by column 
chromatography. Identity of the product was confirmed by IR and NMR spectroscopy. The intermediate protected sugar 

IS was then heated with aqueous sulfuric acid solution (0.01 N in water, 300 ml) to @ SO^C for 2 hours and neutralized 
with strongly basic Ion exchange resin. The aqueous layer was separated and evaporated under high vacuum to obtain 
the title compound as a sticky mass. The product was confirmed by NMR and used in the next step without further 
purification. 

20 EXAMPLE 55 

Preparation of 5-Benzovl-6-deoxv-2.3-0-(1 -methvlethvlldene)-D-a(lof uranose 

[0185] The benzoylated sugar (Example 54) was dissolved in a mixture of dry DMF (20 ml), 2,2-dimethoxypropane 
25 (20 ml) and p-toluenesulfonic acid (200 mg) and stirred at room temperature with the exclusion of moisture. The reaction 
was complete within two hours as evidenced by the absence of the starting material (TLC). The acid was neutralized 
by strongly basic ion exchange resin and the resin removed by filtration and washed. The combined washings and 
filtrate were evaporated under high vacuum and the residue was purified by chromatography. The pure product obtained 
was a glassy solid. IR and NMR were consistent with the title compound. 

30 

EXAMPLE 56 

Preparation of 5.6-Dideoxv-5.6-didehvdro-1-0-methv!-2.3-0-(1 -methvlethvldene)-D-allofuranoside 

3S [01 86] To a suspension of potassium-tert-butoxide (9.36 g) in anhydrous ether (300 ml), methyltriphenylphosphonium 
bromide (29.6 g) was added In small portions over 5 minute period with stirring under anhydrous conditions. The bright 
yellow colored solution (with some solid separated) was stirred for 1 1/2 hours then a solution of methyl-2,3-isopro- 
pylidene-D-pentodialdo-1 ,4-furanoside (8.0 g). Example 53, in anhydrous ether (75 ml) was added over 5 minute period. 
The reaction mixture was stirred overnight at room temperature. The solid material that formed in the reaction mixture 

40 was removed by filtration and washed repeatedly with ether. The combined washings and filtrate were evaporated and 
the residue purified by chromatography to obtain 6.5 g of product as an oil; TLC Rf -i- 0.5 (Silica gel, 97:3 hexane: EtoAc). 

EXAMPLE 57 

4S Preparation of 5.6-Dideoxv-5,6-didehvdro-2.3-0-(1 -methylethylidene)-D-allofuranose 

[0187] A mixture of 5,6-dideoxy-5,6 didehydro-1 -0-methyl-2,3-0-(1 -methylethylidene)-D-allofuranose (Example 56) 
(2.0 g), and aqueous H2SO4 (0. 1 %, 50 ml) was heated to 90* for 3 hours at which time the indicated the starting material 
was consumed. The pH of the solution was adjusted to 7.5 with IN NaOH solution, and evaporated to dryness. The 

so residue was evaporated with DMF (2 X 20 ml) and the resulting semi solid product was slurried In methanol (25 ml). 
The undissolved solid was removed by filtration and washed with methanol (2 X 20 ml). The combined washings and 
the filtrate were evaporated to dryness and the resulting residue was dissolved in a mixture of dry DMF (10 ml), 
2.2-dlmethoxypropane (6 ml) and p-toluenesulfonic acid (50 mg). After stirring for 2 hours at room temperature the 
acid was neutralized with ion exchange resin (strongly basic type) and the resin was removed by filtration. Evaporation 

ss of the filtrate gave a product which was purified by chromatography oyer silica gel using 97:3 hexaneiEtOAc as the a 
mobile phase; R^ of the product 0.8 (silica gel, 9:1 hexane; EtOAc). 



29 



EP 0 496 617 B1 

EXAMPLE 58 

Preparation of 5.6-Dideoxv-1 -0-methvl'2,3-0-(1 -methvlethvlidene)-D-allofuranoside 

5 [01 88] A solution of the vinylic sugar (6.2 g), Exanrjple 56, in methanol (55 ml) was purged with argon and hydrogen- 
ated using 10% platinum on carbon as catalyst at 80 psi for 100 hours. The catalyst was removed by filtration and 
washed with methanol. The combined washings and filtrate were evaporated to obtain a colorless oil used directly for 
the next step. Yield: quantitative. TLC Rf = 0.48 (Silica gel, 97:3 Hexane:EtOAc). 

10 EXAMPLE 59 

Preparation of 5.6-DideoxV'2.3-0-(1 -methvlethviidene)'D-allofuranose 

[0189] A mixture of 5.6-dideoxy-1-methyl-2,30-(1-methylethylidene)-D-ailofuranoside (5.8 g). (Example 56), and 
IS water (160 ml) containing 0.16 ml of cone H2SO4 was heated to 90'*C for 3 hours. The pH of the reaction mixture was 
adjusted to 7.5 with 1 N NaOH solution and evaporated to dryness under high vacuum. The residue was coevaporated 
with DMF (2 x 50 ml) then dissolved in methanol (25 ml) and filtered. The filtrate was evaporated, dissolved in a mixture 
of dry DMF (10 ml), 2,2-dimethoxypropane (10 ml) and p-toluenesulfonic acid (200 mg) and stirred for 2 hours. The 
acid was neutralized with strongly basic ion exchange resin and the resin removed by filtration. The filtrate was evap- 
20 orated and the residue chromatographed to obtain the title product; yield: 4.3 g.; TLC, Rf = 0.6 (Silica gel, 2: 1 hexane: 
EtOAc). 

EXAMPLE 60 

2S Preparation of 5-deoxv-1-0-methvl-2.3-0-(l -methv}ethvlidene)-D-allofuranoside 

[0190] To a solution of the vinylic sugar Example 56 (4.1 g) in THF (20 ml), borane:THF solution (10.65 ml of 1 M 
solution in THF) was added over 10 minutes. After stirring 2 hours at room temperature the reaction vessel was im- 
mersed in a cooling bath (ice-water) and an aqueous solution of NaOH (8 ml of 3M solution) was added with stirring. 

30 After 15 minutes a solution of H2O2 (30% aq. 4 ml) was added dropwise, and stirring was continued for an additional 
15 minutes. Then the flask was immersed for 30 minutes in a water bath maintained at 55°C and cooled. The contents 
were extracted with methylene chloride (3 X 1 50 ml) and the organic layer was dried over anhydrous MgS04. The 
solvent was evaporated and the residue was chromatographed over silica gel using a hexane:ethyl acetate gradient 
as solvent The fast moving minor product, RpO.7, (10%) was identified as 6-deoxy-l-methyl-2,3-0-(1-methylethyli- 

35 dene)-D-allofuranoside. The slower moving major product (90%), RpO.3 was identified by proton NMR to be the title 
compound; yield 3.7 g; RpO.3 (silica gel. 2:1 hexane: EtOAc). 

EXAMPLE 61 

40 Preparation of 6-0-(t-Butvldimethvlsilvn-2.3-0-(1-methvlethvlidene)-D-alloturanose 

[0191] This compound may be prepared by t-butyldi- methylsilylation of the corresponding 6-hydroxy sugar, using t- 
butyldimethylsilyl chloride and imidazole in DMF. 

45 EXAMPLE 62 

Preparation of 5-deoxy-1-methvl-2.3'Q-(1-methylethvlidene)-6-p-toluenesulfonvl-D-allofuranoside 

[0192] To an ice-cold solution of the hydroxy sugar Example 60. (3.69 g) in anhydrous pyridine (25 ml), p-toluenesul- 
50 fonyl chloride (3.7 g) was added in small portions. The reaction mixture was stirred and allowed to warm to room 
temperature over 2 hours, at which time the reaction was complete (TLC). Unreacted p-toluenesulfonyl-ch!oride was 
quenched by adding 1 ml of methanol and the volatile components were evaporated under high vacuum. The residue 
was evaporated with DMF (2 x 20 ml), then dissolved in ethyl acetate (350 ml). The solution was washed successively 
with water and bicarbonate solution and the organic layer was dried over anhydrous MgS04. Evaporation of the solvent 
ss gave a residue which was purified by silica gel column chromatography; yield 4.1 g; RpO.8 (silica gel 2:1 hexane: 
EtOAc). Proton NMR indicated the product to be a mixture of a and p anomers. 
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EXAMPLE 63 

Preparation of 6-azido-5,6'dideoxv-1 -O-methvl-2.3-0-(1 'methvlethvlideneVD-allof uranoside 

5 [0193] A mixture of the tosyl sugar, Example 62, (4.0 g), dry DMF (20 ml) and sodium azide (1 .5 g) was heated to 
100**C in an oil bath under anhydrous conditions for 24 hours. The solvents were evaporated under high vacuum and 
the residue was dissolved in ethyl acetate (200 ml) and washed with water The organic layer was dried (MgS04) and 
evaporated to obtain a colorless oil which was- sufficiently pure by TLC and NMR for use in the next reaction; yield 2.09 
g; Rf=0.35 (silica gel, 93:7 hexane:EtOAc). 

10 

EXAMPLE 64 



Preparation of 6«azido-5.6-dideoxv-2.3-0-(1 -methvlethvlidene)-D-allofuranose 



IS [01 94] A mixture of the aztdo sugar Example 63 (2.8 g), and aqueous sulfuric acid solution (1 00 ml of 0. 1 % by volume) 
was heated to QO'^C for 3 1/2 hours at which time the starting material was found (TLC) to be consumed. The pH of 
the reaction mixture was adjusted to at 7.5 with 1 N NaOH and evaporated to dryness under high vacuum. The residue 
was coevaporated with DMF (2 x 20 ml) and treated with methanol (25 ml). The insoluble solids were removed by 
filtration and washed with methanol (2 X 20 ml). The combined filtrates were evaporated to dryness. The oily product 

20 thus obtained was dissolved in a mixture of dry DMF (10 ml), 2,2-dimethoxy propane (6 ml) and p-toluene sulfonic 
acid. (50 mg) and stirred for 2 hours at room temperature. The solvents were evaporated under high vacuum and the 
residue was chromatographed over a silica gel column using a 4:1 hexane:EtOAc mixture as the mobile phase. After 
a fast moving spot, fractions containing the main product were combined and evaporated to obtain the title compound 
as a colorless oil; Yield 1 .69 g; RpO.5 (silica gel, 2:1 hexane:EtOAc). 

25 

EXAMPLES 65-81 



General procedure for the preparation of 5 '-substituted -4-chloropvrrolof2,3-d1pvrimidine-7-{1-|3-D-ribosides) 



30 [01 95] A solution of the 5-substituted (H, OCH3, N3 or TBDMS-0-) 5-deoxy-isopropylideneribose (1 eq) in CCI4 (1 .4 
eq) and THF was cooled to -78°C. Hexamethylphosphorous triamide (1.2 eq) was added dropwise and the reaction 
mixture stirred for 2 hours at -78°C. This solution of 1-a-chloro sugar was used directly in the next step. 
[0196] To a slurry or solution of the substituted 4-chloropyrrolo[2,3-d]pyrimidine (1 .4 eq corresponding to the sugar) 
in DMF, was added in four portions, NaH (1 .4 eq) over 1 0 minutes. The solution was stirred 30 minutes then the above 

35 solution of chloro sugar (-25"C) was added and the reaction was stirred for 24 hours. The mixture was concentrated, 
diluted with EtOAc, filtered and the filtrate concentrated under vacuum. The residue was chromatographed on SIO2 
gel using 2: 1 hexane-EtOAc. The appropriate fractions were collected and evaporated to yield the protected nucleoside. 
[01 97] The protected nucleoside was deblocked by dissolving in 90% trif luoroacetic acid and stirring for 2 hours. The 
solvent was evaporated and chased with methanol (3x). The product was crystallized from EtOH or EtOAc. 

40 [0198] The compounds in Table IV (Examples 65-61 ) were prepared by this procedure: 



TABLE IV 



4S 



so 



55 



GP1-# 


EXAMPLE 


B' 


D 


G 


m.prC) 


475 


65 


CH2OH 


1 


H 


183-181* 




66 


CH2N3 


1 


NH2 


203-205^* 


406 


67 


CHgOH 


Br 


H 


>230'» 


448 


68 


CH3 


1 


H 


180-181* 


449 


69 


CHa 


CH3 


H 


155-157* 


462 


70 


CH2OCH3 


CH3 


H 


142-144* 


460 


71 


CH2OCH3 


1 


H 


179-180* 


464 


72 


CH2OCH3 


H 


H 


122-124* 


692 


73 


-CH2CH3 


Br 


H 


163-165* 


690 


74 


"CH2CH3 


1 


H 


181-183* 


529 


75 


CH2N3 


1 


H 


203-205* 


554 


76 


CH3 


Br 


H 


174-175* 
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TABLE IV (continued) 



5 



GP1-# 


EXAMPLE 


B' 


D 


G 


m.prC) 


555 


11 


CH3 


H 


CH3S 


140-142° 


569 


78 


CHg 


SCH3 


H 


147-1 48* 


605 


79 


CH2N3 


Br 


H 


156-158° 




80 


CH2CH2N3 


1 


H 


foam 


713 


81 


CH=CH2 




H 


183-185" 



EXAMPLES 82-63 

Preparation of 4-Amino-7-(5-amino-5-deoxv-1-& -D-ribofuranosv)-5-halopvrrolof2.3-d1pvrimidines 

[01 99] A mixture of 4-chloro-5-iodo-7-[5-a2ido-5-deoxy-1 -|i-D-ribofuranosyl]pyrrolo[2,3-d]pyrimidine (Example 75 or 
79) (500 mg), triphenylphosphine (550 mg) and pyridine (6 ml) was stirred under an argon atmosphere at room tem- 
perature for 24 hours. Pyridine was evaporated under high vacuum and the residue was triturated with ether. The 
residual semi-solid was treated with ammonium hydroxide (5 ml). A small amount of ethanol was added to cause 
complete dissolution of the compound. After stirring for 5 hours at room temperature the mixture was evaporated under 
vacuum and the residue was triturated with water (10 ml). The insoluble material was removed by filtration and the pH 
of the filtrate was adjusted to 5.5 with dilute HCi. The solution was refiltered and lyophilized to obtain a hygroscopic 
solid, whose NMR was compatible with the structure. 

[0200] The above hygroscopic solid was dissolved in methanol, saturated with dry ammonia at at -1 5''C, then heated 
in a steel bomb at 80°C for 24 hours. The bomb was cooled and opened. Ammonia and methanol were evaporated 
and the residue was dissolved in water, charcoaled and filtered. The filtrate was lyophilized to obtain the title compound 
as a hygroscopic solids. The compounds listed in Table V were obtained by this procedure. 



TABLE V 



GP 1-# 


EXAMPLE 


D 


F 


m.p(°C) 


550 


82 


1 


H 


166-206° 


649 


83 


Br 


H 


217-219° 



EXAMPLE 84 

Preparation of 4-Amino-5-lodo-7-(5-acetvlamlno-5-deoxv-1-B-D-ribofuranosvnpvrrolo[2.3-dlpvrimidine 

[0201] To an ice cold solution of the 5'-amino compound from Example 54 (50 mg), in dry pyridine (5 ml), acetic 
anhydride (0.5 ml) was added with stirring. The reaction mixture was allowed to warm to room temperature over a 
period of 1 hour at which time the reaction was complete. The flask was reimmersed into the cooling bath and 15 ml 
of methanol was added to the reaction mixture to neutralize un reacted acetic anhydride. The solvent was evaporated 
under reduced pressure and the residue was purified by a short column chromatography to give the above-identified 
product, m.p. 160-163°C. 

EXAMPLES 85 TO 1138 

General Procedure for the Preparation of N^-Substituted-4-aminopvrrolof2,3-dlpvrlmidine Nucleosides 

[0202] A suspension of the substituted 4-C!-pyrroloI2,3-d]pyrimidine nucleoside (1 eq) In EtOH containing the amine 
(3 eq) and triethylamine (5 eq) was added to a small stainless steel bomb (in the case of diamines a 25% excess of 
chloride was used). The bomb was heated overnight (bath temperature 70-1 20°C), cooled, opened and the reaction 
mixture evaporated. 

[0203] The product was crystallized from ethanol or ethyl acetate. The compounds in Table VI (Examples 85 to 1 1 38) 
were prepared by this procedure: 
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TABLE VI 



5 



10 



IS 



2S 



3S 



dr 1 tr 




B* 


Q 


p 


G 




334 


85 


CHgOH 


H 




H 


249-250** 


394 


86 


CHgOH 


H 


N-indollnyl 


H 


Foam 


393 


87 


CHgOH 


H 


N-pro!inyl 


H 


Foam 


296 


88 


CHgOH 


H 


cyclopentyl-NH 


H 


Foam 


376 


89 


CHgOH 


Br 


NH2 


H 


Foam 


321 


90 


CHgOH 


H 


NH(> 


H 


Foam 


476 


91 


CH2OH 


1 


N-lndolinyl 


H 


185-188° 


456 


92 


CH3 


1 


NH2 


H 


245-246** 


470 


93 


CH3 


1 


N-lndolinyl 


H 


188-190'* 


457 


94 


CH3 


1 


CH3NH 


H 


226-228=' 


485 


95 


CH3 


1 


N3 


H 


213-214" 


498 


96 


CH3 


CH3 


NH2 


H 


21 2-21 4'* 


461 


97 


CH3 


CH3 


N-indollnyl 


H 


171-173'* 


463 


98 


CH2OCH3 


1 


NH2 


H 


216-218'* 


465 


99 


CH2OCH3 


1 


CHsNH 


H 


188-189'* 


474 


100 


CH2OCH3 


H 


N-indolinyt 


H 


205-208'* 


480 


101 


CH2OCH3 


H 


CH3NH 


H 


163-164" 


513 


102 


CH3 


H 


N-piperazinyl 


H 


216-219" 


499 


103 


CH3 


1 


N,N'-piperazinyP 


H 


220-223" 


500 


104 


CH3 


1 


-NH(CH2)6NH-1^ 


H 


227-229" 


512 


105 


CH3 


1 


-NH(CH2)2NH-1/ 


H 


>230" 


559 


106 


CH3 


1 


NH2 


CH3S 


200-202" 


561 


107 


CH3 


H 


1,4-piperaziny|2 


H 


foam 


60b 


4 no 
1Uo 


r*LJ Ki 
On2iM3 


br 


iNn2 


n 


i QO IDXO 
1 0^-1 04 


639 


109 


CH3 


1 


NH(J) 


H 


>230" 


581 


110 


CH3 


CO2C2H5 


NH2 


H 


162-168" 


681 


111 


CH2OH 


1 


NH(t) 


H 


224-225" 


680 


112 


CH2OH 


1 


NH(4-CI(t)) 


H 


234-235" 


689 


113 


CH2OH 


1 


NH(4-CH30-(1)) 


H 


212-214" 


711 


113A 


CH2CH2N3 


1 


NH2 


H 


151-153" 


714 


113B 


CH=CH2 


I 


NH2 


H 


224-226" 



y ^mere having two pyfTolo[2,3-d]pyrimidine riboside moieties linked by the listed diamine. 
40 2/ Dimer with purine riboside. 

EXAMPLE 114 

Preparation of 5-lodo-7-(5-deoxv-1-B-D-ribofuranosvl) pvrrolof2.3-dlpvrimidin-4(3H)-thione 

4S 

[0204] A solution of 4-chloro-5-iodo-7-[5-deoxy-1 -P-D-ribofuranosy(]pyrrolo[2,3-d]pyrimidine (Example 68) (250 mg, 
0.60 mmol) and thiourea (250 mg) in absolute EtOH was refluxed gently under an argon atmosphere for 16 hours. The 
solvent was evaporated under reduced pressure and the residue was triturated with water (10 ml). The solid was 
collected by filtration, washed with water and dried in air: Yield 200 mg (81%); m.p. 161-163"C. 

so 

EXAMPLES 115 TO 120 

General Procedure for S-Alkylation of 5-lodo-7-(5-deoxv-1-&-D-ribofuranosvl)pvrrolof2,3-d1pvrimidin-4(3H)-thione 

[0205] To a solution of 5-iodo-7-(5-deoxy-1-p-D-ribofuranosyl) pyrrolo[2,3-d]pyrimldine-4-thione (Example 114) (50 
mg) in concentrated NH4OH (10 ml), the appropriate alkylating agent (e.g. methyl iodide, alkyi or substituted benzyl 
bromide) was added and the mixture stirred at room temperature for 20 hours. Volatile material was evaporated under 
reduced pressure and the residue triturated with ether. To the residue, water (5 ml) was added and the solid was 
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collected by filtration and washed with water. 

[0206] The products obtained by this procedure (Examples 115 to 120) are listed In Table VII: 



TABLE VII 



GP1-# 


Example 


B' 


D 


F 


m.p. 


482 


115 


CH3 




SCH3 


212-233° 


493 


116 


CH3 




SCH2CH=CH2 


192-193** 


494 


117 


CH3 




SCH20NO2(4) 


224-226° 


502 


118 


CH3 




SC4H9 


186-187° 


503 


119 


CH3 




SCH2<t) 


212-213° 


511 


120 


CH2OH 




SCHg 


214-150° 



EXAMPLE 121 

Preparation of 4-Phenvl-7-f1-&-D-ribofuranosvl)pvrrota r2,3-d1pvrimldine 

[0207] Toasolutionof4-chloro-7-[2,3-O-(1-methylethylidene)-1-(5-D-ribofuranosyl]pyrrolo[2,3-d]pyrimidine(200mg) 
and phenylboronic acid (250 mg) in dry diglyme (10 ml) was added palladium-tetrakis-triphenylphosphine (30 mg), 
followed by aqueous NaaCOg solution (0.2 ml of 2M solution). The reaction mixture was heated to 90°C under anhy- 
drous conditions for 6 hours. The solvent was evaporated under high vacuum and the residue was purified by HPLC 
on a reverse phase C-1 8 column. The purified intermediate was treated with 2 ml of trifluoracetic acid (80%) and stirred 
for 15 minutes then evaporated under high vacuum and the residue crystallized from ethanol; yield 20 mg, m.p. 
163-164'»C. 

EXAMPLES 122 TO 124 

General Procedure for the Preparation of 4-Amino- and 4-Arvlamino-5-an/l-7-(1-|3-D-ribofuranosvnpvrrolo-f2,3-d1 
pvrimidines 

[0208] To stirred mixture of the 4-amino- or 4-arylamino-5-iodopyrrolo[2,3-d]pyrim!dine riboside (or corresponding 
hydroxyl protected compound) (0.1 m mole), Pd(PPh3)4 (10 mg, 0.01 mole) in diglyme was added a solution of the 
arylboronic acid (0.4 mmol) in EtOH and 0.4 ml of aqueous 2 M NsgCOg. The mixture was heated to 100°C and the 
reaction monitored by TLC. After the reaction was complete, the cooled mixture was filtered and concentrated under 
vacuum. The residue was chromatographed over SiOg, eluting with CH2Cl2-MeOH mixtures or by HPLC on a Bondapak 
C-1 8 column with a MeOH-H20 gradient. 

[0209] The compounds in Table VIII may be prepared by this procedure: 



TABLE VIII 



GP1 # 


Example 


D 


F 


M.P.(°C) 




122 




(|>NH 






123 


* 


NH2 




718 


124 


2-furanyl 


(|)NH 


foam 



EXAMPLES 125-126 

General Procedure for the Preparation of 4-Amino-and 4-Arvlamino-5-arvl-7-(5-deoxv-1 -B-d-ribofuranosvl)pvrrolo 
F2,3-d1pvrimidines 

[021 0] The above-identified compounds were prepared as described in Example 1 22-1 24 from the 4-amino- or 4-ar- 
ylamino-5-iodo-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine and an arylboronic acid. 
[0211] The compounds in Table IX were prepared by this procedure: 
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TABLE IX 



GP1 # 


Example 


B' 


D 


F 


G 


M.P CC) 


684 


125 


CH3 


Phenyl 


NH2 


H 


106-109 


683 


126 


CH3 


Phenyl 




H 


207-208 



EXAMPLE 127 

10 Preparation of 4-ChlQro-5-iodo-7-(6-deoxv-1 -(3-D-allofuranosvl)pvrrolof2.3-d1pvrimidine 

[021 2] The above-identified compound was prepared according to the general procedure used for Examples 65-81 ; 
m.p. 211-213*0. 

IS EXAMPLE 128 

Preparation of 4-Amino-5-iodo-7-(6-deoxv-1-3-D'aHofuranosvl)pvrrolof2.3-d1pvrimidine 

[0213] The 4-chloro compound, Example 127, was heated in a steel bomb with methanolic ammonia at 120°C for 
20 12 hours followed by the usual work up (see Example 65). The product was obtained as a white crystalline solid; m.p. 
206-208'C. 

EXAMPLES 129-130 

^5 General Procedure for the Preparation of 4-Amino-5-halo--7-(5.6-dideoxv-1 -p-D-ailofurano$vl)pvrrolo[2.3-dlpvrimidine 

[0214] The above-described compounds were prepared by the general procedures for Examples 65 to 81 . 
[0215] The compounds obtained by this procedure are listed in Table X. 

30 TABLE X 



GP1 # 


Example 


B' 


D 


F 


G 


M.P rC) 


693 


129 


CH2CH3 


Br 


NH2 


H 


229-230 


691 


130 


CH2CH3 


1 


NH2 


H 


233-234 



3S 

EXAMPLE 131 

Preparation of 4-Amino-3-bromopvrazolor3,4-d1pvrimtdine 

40 [0216] The above-identified compound was prepared as described: Leonova, T; Yashunskii, V.; Khim, Get. Soed.. 
1982, 982. 

EXAMPLE 132 

4S Preparatbn of 4-Amino-3-(cvanomethvnpvrazotof3.4-dlpvrimkiine 

[0217] The above-identified compound was prepared as described: Carboni, R.,; Coffman, D.,; Howard, E.; J.Am. 
Chem. Soc.. 1958 80:2838. 

50 EXAMPLE 133 

Preparation of 4-Amino-3-cvanopvrazolof3,4-dlpvrimldine 

[0218] The above- identified compound was prepared as described: Taylor, E.; Abul-Hsan, A.: J. Org. Chem. . 1966, 
55 31:342. 
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EXAMPLE 134 

Preparation of 4-Amino-3-phenvlpvrazolof3,4-d1pvrimidine 

s [0219] The above-identified compound was prepared from trimethyl orthobenzoate as described: Kobayashi, S.; 
Chem. Pharm. Bull. (Jap.) 1 973, 21:941 . 

EXAMPLES 135-139 

10 General Procedure for the Preparation of Aryl Thiomorpholides 

[0220] A mixture of the aromatic carboxaldehyde (0.1 mole), sulfur (4.8 g, 0.15 mole) and morpholine (IS mL, 0.15 
mole) was heated at 180°C for 3-5 hours then cooled and diluted with H2O. The solid was collected by filtration or, if 
oily, extracted with CH2CI2, dried (Na2S04) and concentrated. The crude product was recrystallized from alcohol, 
IS alcohol-H20 mixtures or chromatographed over Si02. 

[0221] The compounds in Table XI were prepared by this procedure: 



TABLE XI 



Example 


Aryl 


M.R i^C) 


135 


4-CH30(t> 


95-98'* 


136 


4-CI<|) 


137-140'* 


137 


2-Br<|) 




138 


2-thienyl 


75-77' 




3-thienyl 


84-87» 


139 


3-CH30<|) 


134-139" 



EXAMPLES 140-144 

General Procedure for the Preparation of 5-Amino-3-aryl-4-cvanopvrazoles 

[0222] The above-identified compounds were prepared from the corresponding aryl thiomorpholides (Examples 
135-139) following the general procedure described: Tominaga, Y.,; et al.; J. Heterocyclic Chem.. 1990, 27:647. 
[0223] The compounds listed in Table XII were prepared by this procedure: 



TABLE XII 



Example 


Aryl 


M.P (°C) 


140 


4-CH30<t> 


155-160'* 


141 


4-C!<t> 


218-222* 


142 


2-Br(t) 




143 


2-thienyl 


260-265'* 


144 


3-thienyl 


229-231'* 



EXAMPLES 145-148 

General Procedure for the Preparation of 5-Amlno-3-arvl-4-carboxamidopvrazoles 

[0224] The above-identified compounds were obtained from the corresponding cyano compounds (Example 
140-144) following the general procedure described: Kobayashi, S.: Chem. Pharm. Bull. (Jap.) . 1973, 21:941. 
[0225] The compounds listed in Table XI It were prepared by this procedure: 



TABLE XIII 



Example 


Aryl 


M.P ('*C) 


145 
146 


4-CH3O0 


203-205** 
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TABLE Xni (continued) 



5 



Example 


Aryl 


M.R CO 


147 
148 


4-CI<|) 
2-Br0 


21 0-21 5** 



EXAMPLE 149-154 

General Procedure for the Preparation of 4-Amino-3-arvlpvrazolo[3,4-dlpvrimidines 

10 

[0226] A mixture of the 5-amlno-3-aryl-4-cyanopyrazole and formamide (5 ml/g) under Ng, was refluxed (1 90-200'*C) 
with stirring for 4 hours. The cooled mixture was diluted with H2O and the solid collected by filtration. The crude products 
were used directly for subsequent steps or purified by recrystallization. The compounds listed in Table XIV were pre- 
pared by this procedure. 

IS 



TABLE XIV 



Example 


Aryl 


M.R rC) 


149 




>220 


150 


4-CH30(l) 


>220 


151 


4-C10 


>220 


152 


2-Br<J> 


>220 


153 


2-Thienyl 


>220 


154 


3-Thienyl 


>283 (dec.) 



EXAMPLES 155-158 

General Procedure for the Preparation of 3-Arvlpvrazolo-[3.4-dlPvrimidin-4-ones from 5>Amino-3-arvl-4- 
carboxamidopvrazoles 

[0227] A mixture of the 5-amino-3-aryl-4-carboxamidopyrazole and formamide (5 ml/g) was refluxed at 1 90* -200*0 
for 2 hours, cooled and diluted with HgO. The solid was collected by filtration and dried under vacuum. Further purifi- 
cation was effected by dissolving the compound in dilute sodium hydroxide, followed by charcoal treatment and pre- 
cipitation with acetic acid. 

[0228] The compounds listed in Table XV were prepared by this procedure: 



TABLE XV 



Example 


Aryl 


M.R (X) 


155 


<^ 


>200* 


156 




>220* 


157 


4-CI0 


>220'' 


158 


2-Thienyl 


>220* 



45 

EXAMPLES 159-160 

General Procedure for Preparation of 3-Arvlpvrazolo [3.4-d1pvrimid{n-4-ones from 4-Amino-3-arvl pvrazolof3,4-d1 
pyrimidines 

so 

[0229] To a well stirred slurry of the 3-aryl-4-aminopyrazolo[3,4-d]pyrimidine (25 mmoles) in 175 ml of 9% HCl at 0 
to 5°C, was added dropwise, over 45 minutes, an aqueous solution of sodium nitrite (15.0 g in 30 ml). The mixture was 
allowed to warm to room temperature and solid sodium nitrite (5.0 g) was added. After 15 minutes the mixture was 
cautiously heated to boiling (foaming!), then cooled. The product was collected by filtration, rinsed with H2O and dried 
55 at 50**C under vacuum. 

[0230] The compounds listed in Table XVI were prepared by this procedure: 
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TABLE XVI 



Example 


Aryl 


M.RCC) 


159 
160 


2-thienyl 


>220' 
>220* 



EXAMPLES 161-163 

General Procedure for the Preparation of N^-Aryl and N^-Alkvl substituted 4-amino-3-arvl-pvrazolor3.4'd]pvrimidines 

[0231] A mixture of the 3-arylpyrazolo[3,4-d]pyrimidin-4-one (15 mmoles), POCl3(18 ml, 195 mmoles) and dlethyl- 
aniline (5 ml, 31 mmoles) was refluxed under Ng, for 4 hours then concentrated under vacuum.The residue was de- 
composed by addition of ice and extracted (4x) with 3:1 ether-ethyl acetate. The combined organic extracts were 
washed with water and dried (Na2S04). The solution was concentrated under vacuum and the crude 4-chloro- 
3-arylpyra2olo[3,4-d]pyrimidine (50-70% yield) was added to a solution of amine (2.2 equivalents) in EtOH (25 ml/ 
mmole chloro compound). The mixture was heated to reflux for 30 minutes then cooled and the product collected by 
filtration and rinsed with EtOH. Recrystallization from alcohol-ethyl acetate mixtures gave the title compounds. 
[0232] The compounds listed in Table XVII were prepared by this procedure: 



TABLE XVII 



Example 


3>Aryl 


4-Arylamino 


MP.(°C) 


161 


0 




229-232'^ 


162 




4-CI<t)NH 


232-233'» 


163 


0 


4-CH30<|>NH 


218-220" 



EXAMPLE 164 

Preparation of 3-Bromopvrazolo[3.4-d]pvrimidin-4-one 

[0233] The above-identified compound was prepared as described Chu, I.; Lynch, B.; J. Med. Chem. . 1975, J8:161 . 
EXAMPLE 165 

Preparation of 3-Bromo-1 -f 2,3,5-0-tribenzovl-1 -P-D-ribof uranosvDpyrazolof 3.4-dlpvrlmidin-4-one 

[0234] The above-identified compound was prepared as described: Cottam, H.; Petrie, C; McKeman, P.; Goebel, 
R.; Dailey, N.; Davidson, R.; Robins, R.; Revankar, G.; J. Med. Chem. , 1984, 27:1120. 

EXAMPLE 166 

Preparation of 3-Substituted-4-chloro-1-f2.3.5,*0-trlbenzovl -1-&-D-rlbofuranosvnpvrazolof3,4-dlPvrimidin-4-ones 

[0235] The above-identified compounds may be prepared from the corresponding pyrazolo[3,4-d]-pyrimidones anal- 
ogously to the procedure described in Example 2. 

EXAMPLES 167 TO 169 

General Procedure for Preparation of 3-$ubstituted 4-amino- and 4-(arvlamino)-1 -(1 -B-D-ribofuranosvl)pvra2olo[3.4-d1 
pyrimidines 

[0236] To a slurry of the 3-substituted-4-chloropyrazolo[3,4-d]pyrimldine nucleoside tribenzoate (1 .0 eq) (Example 

166) in a mixture of EtOH and THF, was added ethanolic ammonia or the amine (1 .5 eq) and EX^H (3.5 eq). The reaction 
rapidly became homogenous and after 0.5-12 hours, was evaporated. The residue was dissolved in CH2CI2, washed 
with aqueous K2CO3 then HgO and the solution dried (Na2S04). After evaporation, the residue was recrystallized or 
chromatographed on Si02 gel using CH2Cl2-MeOH mixtures. The resulting tribenzoate of the title compound was de- 
blocked by stirring In methanolic NaOMe. The mixture was neutralized with amberlite IR-120(+) resin, filtered and 
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evaporated. The residue was recrystallized to give the title compounds. 

[0237] Examples 167 to 169 listed in Table XVIII were prepared by this procedure: 



TABLE XVIII 



5 



GP1-# 


Example 


3- 


4- 


m.p.rC) 


596 


167 


1 


NH2 


180-185° 


469 


168 


Br 


N-indolinyl 


195-196° 


536 


169 


CH3 




241-242° 



10 

EXAMPLE 170 

Preparation of 4-(N-lndolinvl)-1-(1-&-D-rlbofuranosvl)pvra2olo[3.4-dlpvrimidine 

IS [0238] A solution of the bromide (Example 1 68) (351 mg, 0.78 mmol) in methanol containing 300mg 1 0% Pd-C and 
Raney Ni was hydrogenated at 40 psi until the reaction was complete as judged by TLC. The mixture was filtered, the 
filtrate concentrated and the product collected by filtration to give the title compound: 120 mg (42%); m.p. 215-219°. 

EXAMPLE 171 

20 

Preparation of 3-Bromo-1-[2,3-0-(1 -methylethyiidene ) -1 -B-D-ribofuranosvnpvrazolof3.4-dlpvrimidin-4-one 

[0239] Crude 3-bromoallopurlnol riboside (prepared from 33.0 g of tribenzoate and NaOMe/MeOH (Example 83) 
was added to a cold (5°C), stirred solution of 1 M ethanollc HCI (6.5 ml) and dimethoxypropane (20 ml) in 1.1 L of 

^5 Me2CO. The mixture rapidly became homogenous and was stirred 45 minutes until complete (TLC). To the solution 
was added NagCOg (5.0 g), concentrated NH4OH (5 ml) and the mixture was stirred until the pH reached 6-7. The 
reaction was filtered and evaporated to a solid. The residual solid was dissolved in 300 ml of boiling EtOH and the 
solution concentrated by distilling EtOH to a final volume of 150 ml. The solution was chilled overnight and the solid 
collected by filtration and rinsed with cold EtOH. After drying (50°C), 16.7 g (86%) of the title compound were obtained; 

30 m.p. 221-224°C. 

EXAMPLE 172 

Preparation of 3-Bromo-1 -|2.3-0-(1 -methvlethvlidene)-5-0-(4-methvlbenzenesulfonvn-1 -B-D-ribofuranosvtlpvrazolo 

3^ [3.4-d]pyrimidin-4-one 

[0240] To a solution of the isopropylidene alcohol (Example 171) (3.0 g, 7.74 mmol) in pyridine (18 ml) at 0°C was 
added £-toluenesulfonyl chloride (1.77 g, 9.30 mmol). The reaction'was held at 0°C for 3 hours then poured into 160 
ml of cold HgO with stirring. The mixture was allowed to settle, the HgO decanted and the residue dissolved in CH2CI2. 
40 The CH2CI2 solution was washed with 0.5 N H2SO4, 5% aqueous K2CO3 and dried (Na2S04). After evaporation under 
vacuum, 4.03g (96% yield) of the title compound were obtained as a foam. 

EXAMPLE 173 

45 Preparation of 1 -[5-Azido-5-deoxv-2,3-0-( 1 -methylethylidene)-! -&-D-ribofuranosvl|-3-bromopyrazolo-|3:4-d1 
pvrimidin-4-one 

[0241] To a warm stirred solution of NaN^ (7.69 g, 0.12 moles) in DMSO (70 ml) was added the tosylate (Example 
172) (16.0 g, 0.03 mol). The solution was rapidly heated to 80°C and maintained at this temperature for 45 minutes. 
so After cooling, the reaction mixture was added with stirring to H2O (600 ml). The mixture was extracted 4x with CHCI3 
(75 ml) and the combined CHCI3 extracts were washed with HgO, dilute brine, dried (Na2S04) and concentrated to 
give 11 .0 g of a white foam. TLC (9:1 CH2Cl2-MeOH on Si02) indicated a mixture of three products in the approximate 
ratio of 1 :2: 1 . The middle spot was subsequently determined to be the desired azide. 

[0242] The mixture was purified by chromatography on a 10 x 15 cm column of SiO^ eluting with 1% Me2CO in 
55 CH2CI2 then increasing concentrations of Me2CO. The first product eluted with 4% acetone. i^C-NMR Indicated a lack 
of tosyl and azide functions at C-5'. Chemical shifts of the ribose C5' suggested a cyclonucleoside. The desired azide 
eluted with 6% Me2CO. Its identity was confirmed by H and NMR. Further elution afforded the third product which 
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appeared by ''^C-NMR to also be a cyclonucleoside. 

[0243] The fractions containing the desired product (middle TLC spot) were combined and evaporated to give the 
title compound; 5.90 g (48% yield), m.p. 168*0 (d). 

5 EXAMPLE 174 

Preparation of 3-Amino-1-[2.3-0-(1-methvtethvlidene) -1-[3-D-riboturanosvllPvazolo[3.4'd1pvrimidin-4-one 

[0244] A mixture of bromide (Example 171) (2.35 g, 6.1 mmol) CuCI (88 mg) and Cu (101 mg) in MeOH (45 ml) was 
10 placed in a bomb and saturated with gaseous NH3. The bomb was sealed and heated to 110°C for 10 hours. After 
cooling, the bomb was opened, the contents filtered and the filtrate evaporated. The residue was chromatographed 
on SiOg gel using 9:1 CH2Cl2-MeOH. The appropriate fractions were combined and evaporated to yield the title com- 
pound as a solid; 2.1 g (98% yield); m.p. 142-144'>C. 

1$ EXAMPLE 175 

Preparation of 3-lodo-1-f2.3-0-(1-methvlethvlldene) '1-3'D'ribofuranosvnpvrazolo[3,4-d]pvrlmidln-4-one 

[0245] A mixture of the amine (Example 174) (2.58 g, 8.0 mmole), isoamyl nitrite (30 ml), methylene iodide (20 ml) 
20 and CH3CN was refluxed under argon for 10 minutes. The cooled mixture was evaporated and chromatographed on 
SD2 gel using 2% methanol in methylene chloride. Appropriate fractions were combined and evaporated to give the 

title compound: 1.08 g (66% yield); m.p. > 220°C. 

EXAMPLE 176 

2S 

Preparation of 3-lodo-1 'f2.3-0-(1 -methvlethvlidene)-5-0-(4-methvlbenzenesutfonvl)-1 -B-D-ribof uranosyllpyrazolo- 

f3,4-dlpvrimidin-4-one 

[0246] The above identified compound was prepared analogously to the procedure described for Example 172. 

30 

EXAMPLE 177 

Preparation of 3-iodo-1-r5-a2ido-5-deoxv-2.3-0-(1-methvlethvlidene)-1-&-D-ribofuranosvllPvrazolo-f3.4-dlpvrimldin- 
4-one 

35 

[0247] The above identified compound was prepared analogously to the procedure described for Example 173 in 

45% yield; m.p. 203°C(d). 

EXAMPLE 178 

40 

Preparation of 3-Halo-4-chloro-1 -f5'a2idO'5-deoxv-2.3'0>(1 -methvlethvlidene)-1 -fi-D-ribof uranosvl)lpvra2olof3,4-d1 

pyrimldine 

[0248] The above-identified compounds were prepared analogously to the procedure described for Example 2 from 
the pyrimidin-4-one (Example 173 or 177). The title compounds were obtained as unstable yellow oils and used im- 
mediately in the next step. 



EXAMPLES 179 to 161 



so General Procedure for the Preparation of 4-Amino and 4-hvdrocarbvl-amino-1'(5-azido-5-deoxv-1-B-D-ribofuranosvl) 
Pvrazob[3.4-d1pvrimidines 

[0249] To a solution of the chloro azide (Example 178) (1 eq) in 1:1 THF-EtOH (10% w/v) was added to the amine 
(1.2-2.0 eq) and excess Et3N (for the 4-amino compounds the solution was saturated with NH3 gas). The resulting 
55 solution was stirred for 2-24 hours and checked for complete reaction by TLC (SiO^; 9:1 CH2Cl2:Me2CO). 

[0250] The reactions using amines were worked up In the following manner. The reaction mixture was evaporated, 
the residue dissolved In CH2CI2 and the solution washed with aqueous NaHC03, then H2O and dried (Na2S04). Con- 
centration of the CH2CI2 solution and chromatography of the residue over SiO^ gel using CH2Cl2-Me2CO mixtures 
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10 



gave the purified isopropylidene N'^-substituted compounds. The isopropylidene 4-amino compounds were isolated by 
evaporating the reaction mixture and recrystalllzing the residue from EtOH. 

[0251] The isopropylidene compounds were deblocked using the procedure described under Example 3. 
[0252] The compounds in Table XIX (Examples 179 to 181) were prepared by this procedure: 

TABLE XIX 



GP1-# 


Example 


D 


F 


m.p. rC) 


507 


179 


Br 




169-170*^ 


501 


160 


Br 


N-indolinyl 


133-138" 




181 


1 


NH2 


193-195' 



IS 



20 



2S 



30 



EXAMPLES 182 TO 185 

General Procedure for the Preparation of 4-Amino- and4-Substituted-amino-1 -(S-amino-S-deoxy-l '&-D-ribofuranosvl)- 
^-halo-pvrazolof3,4-d^pvrimidines and Their Hydrochloride Salts 

[0253] A solution of the azide (Examples 179 to 181) (1.0 equivalent) and triphenylphosphine (1.5 equivalents) in 
pyridine (5 ml/g of azide) was stirred for 2 hours and checked by TLC (9:1 CH2Cl2-MeOH) for completion. To the 
reaction mixture was added concentrated NH4OH (1 .25 ml/g of azide) and the solution stirred overnight. The solution 
was evaporated to dryness, slurried in Et20, filtered (3x) and the insoluble residue dried under vacuum. The resulting 
solid was recrystallized or converted to its HCI salt (0.1 N HCI, EtOH) and crystallized to give the title compounds. 
[0254] The compounds in Table XX (Examples 182-185) rray be prepared by this procedure: 

TABLE XX 



GP1-# 


Example # 


D 


F 


m p.(°C (HCI salt)) 


515 


182 


Br 


NH2 


>230'» 


516 


183 


Br 


N-indolinyl 


170** (broad) 


547 


184 


1 




188' 


558 


185 


Br 


1,4-piperazinyn 


195' (broad) 



l/adimer 



EXAMPLE 186 



40 



Preparation of 1 .2,3-0-Triacetvl-5-deoxv-D-ribofuranoside 

[0255] The above-identified compound was prepared as described: Snyder, J.; Serianni, A.; Carbohydrate Research . 
1987. 163:169. 

EXAMPLE 187 



4S 



so 



Preparation of l.2,3-0-Triacetvl-5-azido-5-deoxv-D-r(bofuranoside 

[0256] To a cooled solution of 5-azido-5-deoxyribose (6.2 g, 0.035 mole) (Example 51 ) in 1 0 ml of pyridine was added 
acetic anhydride (1 8 ml) and the mixture stirred for 24 hours at room temperature. The mixture was concentrated under 
vacuum, the residue dissolved in CHgClg and the solution washed with 5% NaHCOs. The organic layer was then 
washed with 0,5 N H2SO4, dried (Na2S04) and evaporated. The residue was filtered through a plug of SiOg gel (CHgCy 
and the filtrate concentrated to afford the title compound. 9.0 g (98% yield) as a semisolid mixture of a and p isomers. 

EXAMPLES 188-203 



55 



General Procedure for the Preparation of 5'-Substituted-3.4-disubstituted-pvrazolo[3.4-d]pvrimidine Nucleosides 

[0257] To a slurry of the 3,4-disubstituted pyrazolo(3,4-d]pyrimidine (5.0 mmol) In nitromethane, nitroethane or ben- 
zonltrile under N2. was added the acyl-protected ribose (5.0-7.0 mmoles). To the stirred mixture, was added BF3. Et20 
(7.0 mmoles) and the mixture was refluxed for 90 minutes, then cooled and evaporated under vacuum. If a 5'-deoxy 
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derivative was used, EtsN was added prior to the evaporation of the solvent (to complex BF3. Et20). 
[0258] The residue was taken up in CH2CI2, filtered and chromatographed over Si02 gei using CH2Cl2-MeOH gra* 
dlents. Later fractions contained the N-2 isomer. Fractions containing the desired N-1 isomer were combined and 
evaporated to yield the title compounds as foams. 
5 [0259] The compounds in Table XXI (Examples 188-203) were prepared by this procedure: 



TABLE XXI 



70 



IS 



20 



25 



Example # 


B' 


D 


F 


MP. CC) 


188 


6CO0CH0 


CN 


NH2 


foam 


189 






NH2 


foam 


iQn 


*pvv-/2'-'''2 






foam 


191 


CH2N3 


Br 


NH2 


foam 


192 


CH2N3 


CN 


NH2 


foam 


193 


CH2N3 


CHgCN 


NH2 


foam 


194 


CH2N3 




NH2 


foam 


195 


CH2N3 


4-CI(t> 


NHg 


foam 


196 


CH2N3 


4-CH30<j> 


NH2 


foam 


197 


CH2N3 


2-thienyl 


NH2 


foam 


198 


CH3 




NH2 


foam 


199 


CH3 


4-CH30(t) 


NH2 


foam 


200 


CH3 


4-CI(|) 


NH2 


foam 


201 


CH3 


2-thienyl 


NH2 


foam 


202 


CH3 


3-thienyl 


NH2 


foam 


203 


CH3 




NH(t) 


foam 



EXAMPLE 204 

General Procedure for the Preparation of 3'Substituted 1-{5'azidO'5-deoxv'2.3*0*diacetvt-1-&>D-ribofuranosyl)- 
4-chloropvrazotor3,4-dlpvrimidines. 5'-Deoxv Analogs and Protected 5'-Hvdroxv Analogs 

[0260] The above identified compounds were prepared from the pyrazolo[3,4-d]pyrimidone esters analogously to 
the procedure described in Example 2 and were used immediately in the next step. 

EXAMPLES 205-221 



40 
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General Procedure for the Preparation of 3.4-Disubstituted-1-(5-a2ido-5-deQxv-1-|3-D-riboturanosvl))pvra2olof3,4-d1 
pyrimidrnes, 5'-Deoxv Analogs and 5'-Hvdroxv Analogs 

[0261] The above Identified compounds were prepared from the diesters analogously to the procedure described in 
Example 167-169. Methanolic NH3 (method A) or NaOMe (method B) was used to deblock the acyl-protected nucle- 
osides (Examples 188-204). In the case of the cyano-substituted compounds, these methods led to different products 
by further reaction of the cyano group. The title compounds were isolated by conventional techniques. 
[0262] The compounds listed in Table XXII (Examples 205-221) were prepared by this procedure. 



so 



55 
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EXAMPLES 222-229 

so 

General Procedure for the Preparation of 4-Amino- and 4-Arvlamino-3-substituted-1-(5-amino-5-deoxv -1-B-D- 
ribofuranosvl)pvrazolof3.4-d1pvrimidines and Their Salts 

[0263] The above-Identified compounds were prepared from the S'-azides (Examples 205-221) by catalytic hydro- 
ps genation as described In Examples 1 5-20 (method A) or triphenylphosphine followed by ammonium hydroxide as de- 
scribed in Examples 82-83 (method B). The salts were prepared by standard methods. 
[0264] The compounds listed In Table XXIll were be prepared by these methods: 
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TABLE XXIII 



Wl 1 It 




3- 


4- 


IV/lpthrwH 

iVICU II.MJ 


Salt 


Ivl. F^. ^ Vi# / 


013 




Rr 
Dl 


MM 

rNin2 


D 






614 


223 


H 


NH2 


A 


HBr 


260-165* 


625 


224 


CHgCN 


NH2 


B 


A 


175^(d) 


642 


225 




NH2 


A 


HCI 


218-219'* 


682 


226 


2-thienyl 


NH2 


B 


HCI 


>220'' 


694 


227 


4-CH30(t> 


NH2 


A 




222-225'* 


701 


228 


4-CI(|) 


NHg 


B 


HCI 


189-194* 


704 


229 




NH^ 


A 


CF3CO2H 


185-190" 



V Not a sail. 



EXAMPLES 230-231 

General Procedure for the Preparation of 4- Amino- and 4-Arvlamino-1-(5-amino-2.3-0-dlacetvl-5-deoxv-1-B-D- 
rtbofuranosvl)-3-substitutedpvrazolo f3,4-d1pvrimjdines 

[0265] A slurry of 1 0% Pd-C in a solution (MeOH or EtOH with THF. dioxane or EtOAc) of the 5'-azido-2', 3'-diacetate 
nucleoside (Examples 1 91 -1 98) is hydrogenated in a Parr shaker at 40 psi. After disappearance of the starting material 
(TLC), the mixture is filtered and concentrated under vacuum at a temperature of less than 40*C. The residual product 
is purified by recrystallization or HPLC. 

[0266] The compounds listed in Table XXIV may be prepared by this method: 



TABLE XXIV 



GP1-# 


Example 


D 


F 


C^,C2 


M.prc) 




230 


Br 


NH2 


OAc 






231 




NH(|> 


OAc 





EXAMPLES 232-233 

General Procedure for the Preparation of 3-Substituted-4-( 1 . 1 -dicarboethoxvalkvl)-1 -(2. 3,5-0-trlbenzovl-1 -3-D- 
ribofuranosvl)pvra2olof3,4-d1pvrimidines 

[0267] To a stirred solution of the diethyl(alkyl)malonate (0.10 mol) in dry DMF (100 ml) under was added 80% 
NaH in mineral oil (0.125 mol). After stirring (cooling) for 10 minutes, a solution of the 3-substituted-4-chloro-1- 
(2,3,5-tribenzoyI-1-p-D-ribofuranosyl)pyrazolo[3,4-d]pyrimidine (0.09 mol) (Example 178) In DMF (75 ml) was added 
dropwise. The solution was cooled and anhydrous trimethylamine was bubbled into the solution for 4 minutes. The 
solution was stirred for 3 hours at room temperature (heating may be required in some cases) then quenched with 
dilute acetic acid. The mixture was extracted with ether-ethyl acetate (9:1) and the organic extract dried (Na2S4), 
concentrated and pumped under vacuum. The residue was chromatographed on SiOg gel with CH2Cl2-acetone mix- 
tures and the appropriate fractions combined and evaporated to yield the title compounds. The Identity of the com- 
pounds were confirmed by and ''^C NMR. 

[0268] The compounds listed in Table XXV were prepared by this procedure: 



TABLE XXV 



Example 


D 


F 


MP. (X) 


232 


Br 


CH(G02C2H5)2 


foam 


233 


Br 


C0(CO2C2H5)2 


foam 
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EXAMPLES 234>235 

General Procedure for Preparation of 4-Alkvl. 4-Arvlalkvl- and 3.4-disubstituted-1-(1-B-D-ribofuranosvhpvrazolof3.4-d1 
pyrimidines 

5 

[0269] The diester (Examples 232-233) was dissolved in aqueous ethanolic sodium hydroxide and heated. The so- 
lution was neutralized with acetic acid, evaporated, extracted with hot ethanol and the extract then evaporated and 
recrystallized or evaporated on SiO^ gel. The Si02 gel was loaded on a column of SiO^ gel and the product eluted with 
CHgClg-MeOH mixtures. The appropriate fractions more combined and evaporated to yield the title compounds. 
10 [0270] The compounds described in Table XXVI were prepared by the procedure: 



TABLE XXVI 



GP-1-# 


Example 


D 


F 


M.RC*C) 


719 


234 


Br 


CH3 


204-205* 




235 


Br 


CH2<t> 





EXAMPLES 236-237 

20 General Procedure for Preparation of 3-Substituted-4-(1 .1 -dicarboethoxyalkvl)-1 -(5-azido-5-deoxv-2.3-0-diacetvl-1 
D-ribofuranosvnpvrazolo|3.4-dlpvrimidines 

[0271] The above-identified compounds are prepared analogously by the procedure described in Examples 232-233 
using the 3-substituted-(5-azido-5-deoxy-2,3-0-diacetyl-1-p-D-ribofuranosyl)-4-chloropyrazolo[3,4-d]pyrimidine. 
25 [0272] The compounds listed in Table XXVII may be prepared by this procedure: 



TABLE XXVII 





Example 


D 


F 


M.P. rC) 


30 


236 


Br 


C<t)(C02C2H5)2 






237 


Br 


CH(C02C2H5)2 





EXAMPLES 238-239 



35 General Procedure for Preparation of 4-Alkvl-. 4-Phenvlalkvl-and 4-Substituted-3-Substituted-1 -(5-azido-5-deoxy-1 -3- 
D-ribofuranosvl)pvrazolof3.4-d1pvrimidines 

[0273] The above identified compounds are prepared analogously by the procedure described in Examples 234-235 
from the 5'-azide esters described in Examples 236-237. 
40 [0274]. The following compounds listed In Table XXVIII may be prepared by this procedure: 



TABLE XXVIII 



45 



GP1-# 


Example 


D 


F 


M.R(»C) 




238 


Br 


CH3 






239 


Br 


CH2$ 





EXAMPLES 240-241 

so General Procedure for the Preparation of 4'Alkvl-, 4-Phenvlalkv}- and 3.4-Disubstituted-1 -(5-ami^o-5-deoxv-1-&-D- 
ribofuranosvl) pvrazolof3.4-dlpyrimidines 

[0275] The above-identified compounds may be prepared by reduction of the 5-azido ribosides listed in Examples 
238-239 by catalytic hydrogenation as described in Examples 15-20 or by treatment with triphenylphosphine and am- 
55 monium hydroxide as described in Examples 182-185. 

[0276] The compounds listed in Table XXIX are prepared by this procedure: 
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TABLE XXIX 



GP1-# 


Example 


D 


F 


M.RrC) 




240 


Br 


CH3 






241 


Br 


CH2^ 





EXAMPLES 242-243 

General Procedures for the Preparation of 3-Substltuted-1-(5-deoxv-2.3-0-diacetvl-1-B-D'ribofuranosvl)'4- 
(1.1 ■dicarboethoxvalkvhpvra2olor3.4-dlpvrimidines 

[0277] The above-identified compounds are prepared analogously to the procedure described in Examples 232-233 
using 3-sub5tituted-4-chloro-1-(5-deoxy-2,3-0-diacetyl-1-p-D-ribofuranosyl)pyra2olo[3,4-d]pyrimidines (Examples 
198-203). 

[0278] The compounds listed in Table XXX may be prepared by this procedure: 



TABLE XXX 



GP1-# 


Example 


D 


F 


M.P(*C) 




242 


Br 


CH(C02C2H5)2 






243 


Br 


CCCOsCgHgjgCHct) 





EXAMPLES 244-245 

General Procedure for Preparation of 4-Alkvl-. 4-Phenvlalkvl-. or 4-Substituted-3-substrtuted-1-f5-deoxv-1-B-D- 
ribofuranosvnpvrazotof3,4-d1pvrimidines 

[0279] The above-identified compounds may be prepared from the esters (Examples 242-243) using the procedure 
described in Examples 234-235. 

[0280] The compounds listed in Table XXX\ nnay be prepared by this method: 



TABLE XXXI 



GP1-# 


Example 


D 


F 


M.P («C) 




244 


Br 


CH2CH2(|) 






245 


Br 







[0281] By following the procedures described in the Detailed Description of the Invention and Examples 1 to 245 
and using the appropriate starting materials and reagents, the following compounds are made: 
4-Amino-7-(5-deoxy-1-p-D-rlbofuranosyI)-5-vinytpyrrolo[2,3-d]pyrlmidine; 

4- Amino-5-ethynyl-7-(5-deoxy-1-p-D-ribofuranosyl)pyrrolo[2.3-d]pyrimldine; 

5- (2-Chlorophenyl)-7-(5-deoxy-1-p-D-ribofuranosyl)-4-phenylaminopyrrolo[2,3-d]pyrimidine; 
5-(3-Chlorophenyl)-7-(5-deoxy-1-p-D-ribofuranosyl)-4-phenylaminopyrrolo[2,3-d]pyrimidine; 
5-(4-Chlorophenyl)-7-(5-deoxy-1-p-D-ribofuranosyl)-4-phenylaminopyrrolo[2,3-d]pyrlmidine; 
5-(2-Methoxyphenyl)-7-(5-dGOxy-1-p-D-ribofuranosyl)-4-phenylaminopyrrolo[2,3-d]pyrimidine; 
5-(4-Methoxyphenyl)-7-{5-deoxy-1-p-D-ribofuranosyl)-4-phenytaminopyrrolo[2,3-d]pyrimdine; 
5-(2-Furanyl)-7-(5-deoxy-1-p-D-ribofuranosyl)-4-phenylaminopyrroto[2,3-d]pyrimidine; 
7-(5-Deoxy-1-p-D-ribofuranosyl)-4-phenyamino-5-(2-pyridy!)pyrrolo[2,3-d]pyrimidlne; 
7-(5-Deoxy-1-p-D-ribofuranosyl)-4-phenylamino-5-(4-pyridyl)pyrrolo[2,3-d]pyrimidjne. 
7-(5-Deoxy-1-p-D-ribofuranosyl)-5-phenyM-(4-pyridylamino)pyrrolo[2,3-d]pyrimidine; 
7-(5-Deoxy-1-p-D-ribofuranosyl)-5-phenyl-4-(2-pyridylamino)-pyrrolo[2,3-d]pyrimidine; 
7-(5-Deoxy-1-p-D-ribofuranosyl)-5-phenyl-4-(1-piperazinyl)-pyrrolo[2,3-d]pyrimidine; 
4-(2-Chlorophenyl)-7-(5-deoxy-1-p-D-rlbofuranosyl)-5-phenylpyrrolo[2,3-d]pyrimidine; 
4-(3-Chlorophenyl)-7-(5-deoxy-1-p-D-ribofuranosyl)-5-phenylpyrrolo[2,3-d]pyrimidine; 
7-(5-Deoxy-1-p-D-ribofuranosyl)-5-phenyl-4-(2-thiazolyl-amino)pyrrolo[2,3-d]pyrimidine; 
4-Cyclohexylamino-7-(5-deoxy-1 -p-D-ribofuranosyl)-5-phenylpyrrolo[2,3-d]pyrimidine; 
7-(5-Deoxy-1-p-D-ribofuranosyl)-5-phenyl-4-phenylthio-pyrrolo[2,3-dlpyrimidine; 
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4-Benzyl-7-(5-deoxy-1-p-D-ribofuranosyl)-5-phenyl-pyrrolo[2,3-d]pyrimidine; 

7-(5-Deoxy-1-p-D-ribofuranosy!)-4-ethynyl-5-phenyl-pyrrolo[2,3-d]pyrimidine; 

7-(5-Deoxy-1-P-D-ribofuranosyl)-4-methyl-5-phenyl-pyrrolo[2,3-d]pyrlmidine; 

4-Ben2yl-7-(5-deoxy-1-p-D-ribofuranosyl)-5-iodopyrroIo[2,3-d]pyrimjdine; 

7-(5-Deoxy-1-|J-D-ribofuranosyl)-5-iodo-4-methyl-pyrrolo[2,3<l]pyrimldine; 

7-(5-Deoxy-1-p-D*ribofuranosyl)-5-phenyl-4-phenylamino-pyrrolo[2,3-d)pyrimidine; 

4-Amino-5-phenyl-7-(l-[i-D-ribofuranosyl)pyrrolo[2,3-dl-pyrimidine; 

4-Amlno-7-(5<Jeoxy-5-mercapto-1-p-D-ribofuranosyl)-5-icxjopyrrolo[2,3-d]pyrimldine; 

7-(5-Deoxy-5-mercapto-1-p-D-ribofuranosyl)-5-iodo-4-phenylaminopyrrolo[2,3-d]pyrimidi^ 

7-(5-Deoxy-5-mercapto-l-p-D-ribofuranosyl)-5-phenyl-4-phenylaminopyrrolo[2,3-d]pyrimidine; 

7-(5-Amino-5<leoxy-1-p-D-ribofuranosyl)-5-pheny!-4-phenylaminopyrrolo[2,3-d]pyrimidine; 

7-(5,6-dideoxy-1-P-D-alloturanosyl)-5-lodo-4-phenylamino-pyrrolo[2,3-d]pyrimidine; 

7-(5,6-Dideoxy-1-p-D-allofuranosyl)-5-phenyl-4-phenylalminopyrrolo[2,3-d]pyrimidlne; 

4-Amino-7-(5,6-dideoxy-1-P-D-allofuranosyl)-5-phenyl-pyrrolo[2,3-d]pyrjmidlne; 

4-Amino-7-(5-deoxy-5-fluoro-1-P-D-rlbofuranosyl)-5-lodopyrrolo[2,3*d]pyrimldine; 

4-Amino-7-(5-deoxy-5-chloro-1-p-D-ribofuranosyl)-pyrrolo[2,3-d]pyrlmldine; 

7-(5-Deoxy-5-fluoro-1-p-D-ribofuranosyl)-5-phenyl-4-phenylaminopyrrolo[2,3-d]pyrlmldine; 

4-Amino-7-(6-a2ido-5,6-dideoxy-1-p-D-altofuranosyl)-5-todopyrrolo(2,3<J]pyrimidine; 

7-(6-Azido-5,6-dideoxy-1-p-D-allofuranosyl)-5-phenyl-4-phenylaminopyrrolo[2,3-d]pyrirnidine; 

4- Amino-7-(6-amlno-5,6-dideoxy-1-P"D-a!lofuranosyl)-5-todopyrrolo[2,3<i]pyrirnidlne; 
7-(6-Amino-5,6'dideoxy-1-P-D-allofuranosyl)-5-phenyl-4-phenylamjnopyrrolo[2,3-d]pyrimidine; 

5- (2-Methoxyphenyl)-7-[1-p-D-ribofuranosyl]-4-phenylamino-pyrrolo[2,3-d]pyrimidine; 
4-Amino-5-brorrK>-7-(5,6-didehydro-5,6-dideoxy-1-p-D-allofuranosyl)pyrrofo[2,3<i]pyrimi^ 
7-(5,6-Didehydro-5,6-dideoxy-1-P-D-allofuranosyl)-5-phenyl-4-phenylaminopyrrolo[2,3-d]pyrirnjdine; 
4-Amino-1-(5-amino-5-deoxy-1-p-D-ribofuranosyl)-3-rnethoxy-pyrazolo[3,4-d]pyrimidine; 
4-Amino-1-(5-amino-5-deoxy-1-p-D-ribofuranosyl)-3-phenoxy-pyra2olo[3,4-d]pyrimidine; 
4-Amlno-1-(5-amino-5-deoxy-1-p-D-ribofuranosyl)-3-phenylthiopyrazolo[3,4-d]pyrimidlne; 
4-Amino-1-(5-amino-6-deoxyO-p-D-ribofuranosyl)-3-methylthiorpyrazolo[3,4-d]pyrimidine; 
4-Amlno-l-(5-amino-5-deoxy-1-p-D-rlbofuranosyl)-3-chloro-pyrazolo[3,4-d]pyrimidine; 
4-Amino-1-(5-amino-5-deoxy-1-p-D-rlbofuranosyl)-3-cyclopropylpyrazolo[3,4-d]pyrimidine; 
4-Amino-1-(5-amino-5-deoxy-1-p-D-ribofuranosyl)-3-dimethylamino-pyrazolo[3,4-d]pyrirnidine; 
4-Amino-1-(5-amino-5-deoxy-1-p-D-riboturanosyl)-3-fluoropyrazolo[3.4-d]pyrirnidine; 
4-AminoO-(5-amino-5-deoxy-1-p-D-rlbofuranosyl)-3-(3-pyridyl)pyrazolo[3,4-d]pyrimidlne; 
1-(5-Amino-5<lGoxy-1-p-D-ribofuranosyl)-4-(3-chlorophenyl)-3-(4-methoxyphenyl)pyrazolo[3,4<i]pyrim 
1-(5-Amino-5-deoxyO-p-D-ribofuranosyl)-4-(4-chlorophenyl)-3-(4-methoxyphenyl)pyrazolo[3,4^^ 
1-(5-Amino-5<leoxy-1-p-D-ribofuranosyl)-4-(4-ethoxyphenyl)-3-(4-methoxyphenyl)pyrazolo[3^ 
1-(5-Amino-5-deoxyO-p-D-ribofuranosyl)-4-(3-carboxamldophenyl-amino)-3-(4-methoxyphenyl)^^^ 
midine; 

1-(5-Amino-5-Deoxy-1-p-D-rjboturanosyl)-4-(24uranyl)-3-(4-methoxyphenyl)pyrazolo[3.4<l]pyrim 

1-(5-Deoxy-1-p-D-ribofuranosyl)-3-(4-methoxyphenyl)-4-(phenylamlno)pyrazolo[3,4-d]pyrimid^ 

1-(5-Deoxy-1-p-D-ribofuranosyl)-3-(3-methoxyphenyl)-4-(phenylamino)pyrazolo[3,4-d]pyrimidin 

1-(5-Deoxy-1-p-D-rlbofuranosyl)-3-(2-pyridyl)-4-(phenylamino)pyrazolo[3,4-d]pyrimidine; 

1-(5-Deoxy-1-p-D-ribofuranosyl)-3-(4-methoxyphenyl)-4-(4-pyridylamjno)pyrazolo[3,4-d]pyrim 

1-(5-Deoxy-1-p-D-ribofuranosyl)-3-(3-methoxyphenyl)-4-(4-pyrldylamino)pyrazolo[3,4-d]pyri^ 

1-(5-Deoxy-1-p-D-ribofuranosyl)-3-(2-pyridyl)-4-(4-pyridylamino)pyrazolo[3,4-d]pyrlrnidine; 

1-(5-deoxy-1 -p-p-ribofuranosyl)-3-(4-methoxyphenyl)-4-(2-methoxyphenylamino)pyrazolo[3,4-d]pyrldim 

1-(5-Deoxy-1-p-D-ribofuranosyl)-3-(3-methoxyphenyl)-4-(2-methoxyphenylamino)pyra2olo^ 

1-(5-Deoxy-1-p-p-ribofuranosyI)-3-(4-pyridyl)-4-(2-methoxyphenylamino)pyra20lo[3.4-d]pyridim 

1-(6-Deoxy-1-P-D-ribofuranosyl)-3-(4-methoxyphenyl)-4-(2-imida2olylamino)pyra2olo[3,4^^ 

1-(5-Deoxy-1-p-p-ribofuranosyl)-3-(3-methoxyphenyl)-4-(2-imidazolylamino)pyra2olo[3,4-^^ 

1-(5-Deoxy-1-p-p-ribofuranosyl)-3-(2-pyridyl)-4-{2-imidazoIylamino)pyrazolo[3,4<f]pyrim 

1-{5-Deoxy-1-P-p-ribofuranosyl)-3-(2-pyrazinyl)-4-phenylaminopyra2olo[3,4-d]pyrimidine; 

1-(5-Deoxy-1-p-p-rjboturanosyl)-3-(2-pyrazinyl)-4-(N-lndolinyl)pyra2olo[3,4<0py"n'ii^ 

1-(5,6-Dideoxy-1-p-p-allofuranosyl)-3-pheny!-4-phenytaminopyrazolo[3,4-d]pyrimidine; 

4-Amino-1-(5,6-dideoxy-1-p-p-allofuranosyl)-3-icdopyrazolo[3,4-d]pyrimidine; 

1-(5-Deoxy-1'P-p-ribofuranosyl)-3-phenyl-4-phenylthiopyrazolo[3,4-d]pyrimidine; 

1-(5-Amino-5<Jeoxy-1-p-D-ribopuranosyl)-3-bromo-4-methylpyrazolo[3,4<l]pyrimidine; 

1-(5-Amlno-5<leoxyO-p-D-ribofuranosyl)-4-methyl-3-iodopyrazolo[3,4-d]pyrimidlne; 
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7-(5-Deoxy-P-D-ribofuranosyl)-5-iodo-4-rnethylpyrro!o[2,3-d]pyrimidine; 

4-Methyl-3-phenyl-1-(1-p-D-ribofuranosyl)pyra2olo[3,4-d]pyrimidlnG; 

1 -(5-Deoxy-1 -p-D-ribofuranosyl)-3-phenyl-4-(phenylmethyl)pyrazolo[3,4-d]pyrimidine; and 

7-(5-Amino-5-deoxy-1 -p-D-ribof uranosyl)-5-bromo-4-chloropyrrolo [2,3-d]pyrimidine(GP-1 -608). 

£ 

EXAMPLE A 

INHIBITION OF ADENOSINE KINASE ACTIVITY 

10 [0282] Inhibition of enzyme activity was determined using a 0.1 ml assay mixture containing 50 mM Tris-maleate, 
pH 7.0, 0.1% (w/v) BSA, 1 mM ATR 1 mM MgClg, 0.5 ^M [V-^^C] adenosine (500 mCi/mmol) and 0.1 ^g of purified 
pig heart adenosine kinase. Different concentrations of the test compounds were incubated in the assay mixture for 
20 min at 37"C. From each reaction mixture, 20 \i\ portions were removed and spotted on 2 cm^ pieces of Whatman 
DE81 filter paper. The papers were then washed to remove [^^C] adenosine in ImM ammonium formate foltowed by 

IS deionized water and finally 95% ethanol. The papers were dried, and p^CJAMP measured by scintillation counting. 
Activities were determined from the amount of p^C]AMP formed. This is a suitable in vitro test method for determining 
adenosine kinase enzyme inhibition activity. 

[0283] Ai receptor binding affinity was determined using 0.5 ml mixture containing 50 mM Tris HCI, pH 7.4, 1 nM 
[^HJCHA and 0.5 mg of neuronal membrane incubated with different concentrations of the test compound for 60 min 

20 at 37'*C. The reaction was stopped and unbound pHJCHA removed by rapid filtration through Whatman GF/B filters. 
The filter papers were then solubilized and bound [^HJCHA determined by scintillation counting. 
[0284] Inhibition of adenosine deaminase activity was determined spectrophotometrically using a 1 ml assay mixture 
containing 50mM potassium phosphate, pH 7.0, 1 mM ADR 2.5 mM alpha-ketoglutarate, 15 units glutamic dehydro- 
genase, 0.125 mM NADH, 80 M adenosine and 0.002 units of calf intestinal mucosa adenosine deaminase. Different 

25 concentrations of the test compounds were incubated in the assay mixture for 10 min at 37°C. The reaction was 
monitored continuously for oxidation of NADH from the change in absorbance at 340nm. 

[0285] Illustrative of the invention, the compounds designated GP-1 -51 5, G P-1 -608, GP-1 -683. GP-1 -695, GP-1 -718, 
GP-1 -704, GP-1 -665. and GP-1 -667, were found to have an IC50 of less than 1 0 nM in the adenosine kinase inhibition 
assay. The compound GP-1 -51 5 was found to be much less potent in the A^ receptor assay and in the adenosine 
30 deaminase inhibition assay, having an IC50 greater than 100 \M in the A^ receptor assay and an IC5Q greater than 
1000 ^M in the adenosine deaminase inhibition assay. 

EXAMPLE B 

35 ADENOSINE KINASE INHIBITION IN INTACT CELLS 

[0286] Inhibition of adenosirie kinase in intact cells was determined from the amount of incorporation of radioisotope 
from adenosine into the adenylates (AMP, ADP and ATP) in the presence of adenosine deaminase inhibition. Capillary 
endothelial cells from bovine heart were incubated for 60 min. With 20 |iM 2'-deoxycoformycin, a potent adenosine 

40 deaminase inhibitor. Different concentrations of the test compounds were then added to the cells and incubated for 1 5 
min. after which 5 |iM [3H]adenoslne was added and the cells incubated for a further 15 min. The media was then 
discarded and the cells were treated with 50 ^1 0.4 M perchloric acid, centrifuged and the supernatants neutralized 
with 100 ^1 alanine: freon (1:4). Radiosotope-labelled adenylates were separated by TLC on PEI cellulose plates de- 
veloped in methanol:water (1:1) and incorporation of ^H determined by scintillation counting. 

45 [0287] Illustrative of the invention, the compounds designated GP-1 -51 5, GP-1 -683 and GP-1 -665 were shown to 
have an IC50 of 9nM, 73 nM and 4.5 nM, respectively, in the adenosine kinase inhibition assay in intact cells. 

EXAMPLE C 

50 IMPROVED FUNCTIONAL RECOVERY IN ISOLATED HEARTS 

[0288] The ability of a number of adenosine kinase inhibitors to improve the recovery of post-ischemic f unctbn was 
examined in an isolated guinea pig heart model. 

[0289] Isolated guinea pig hearts were cannulated via the ascending aorta and attached to a perfusion apparatus 
55 according to the method of Langendorff. The hearts were perfused at a constant pressure of 60 cm of HgO with a 
modified Krebs-Hanseleit buffer (pH 7.4) at 37"C. Left ventricular devetoped pressures (LVDP) were monitored con- 
tinuously using a latex balloon attached to a pressure transducer. Coronary flows were measured gravlmetrically by 
timed collection of pulmonary effluent. Folbwing equilibration of the hearts for a period of 30 minutes, the hearts were 
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subjected to 45 minutes of low flow ischemia, by reducing the perfusion pressure to 10 cm of H2O, and then reperfused 
for 30 minutes by restoring the pressure to its. original level (60 cm of H2O). The adenosine kinase inhibitors GP-1 -238, 
GP-1-515 and GP1-547 were added to the perfusion buffer at the final concentrations specified. The results of these 
experiments are shown in Table A and demonstrate that adenosine kinase inhibitors enhance recovery of post ischemic 
5 f unctk)n without affecting basal coronary flow. 



TABLE A 



16 



GP-1-# 


Conc.( M) 


Functional Recovery (% prelschemic LVDP) 


Preischemic Flow (ml/mln/g) 


Control (n=14) 




66.0 + 2.1 


5.9 + 0.2 


238 (n=e) 


5 


81. 3 ±3.3* 


5.8 ±0.3 


515 (n-6) 


0.3 


79.0 ± 3.4* 


6,5 ±0.3 


547 


0-3 . 


79.0 + 3.1* 


6.2 ±0.3 



* p < 0.05 vs. Control 

Cone. = Concentration of test compound added to perfusion mediunn. 



EXAMPLE D 

EFFECT OF ADENOSINE KINASE INHIBITION ON ACUTE I.V. HEMODYNAMICS IN THE RAT 

20 

[0290] The ability of the adenosine kinase inhibitor GP-1 -238 to show effects on blood pressure, heart rate or body 
temperature was compared in anesthetized and conscious rats. Sprague Dawley rats were anesthetized with pento- 
barbital and catheterized in the jugular vein and carotid artery. GP-1 -238 (0.1 >5 mg/kg/min) was infused intravenously 
in stepwise increments (0.2 ml/min x 5 minutes). The experiments in conscious rats were conducted in the same 
manner after rats had been catheterized and allowed to recover for 2 days following surgery. In conscious rats, in 
contrast to anesthetized animals, no hemodynamic effects were seen at doses which completely inhibited adenosine 
kinase in vivo See Figure 1. 

EXAMPLE E 

30 

FUNCTIONAL BENEFIT OF GP-1-515 IN A PRECLINICAL MODEL OF STABLE ANGINA 

[0291] GP-1-515, was evaluated for its ability to prevent cumulative cardiac dysfunction associated with repeated 
episodes of pacing-induced ischemia. 
35 [0292] Anesthetized male dogs were instrumented to measure regional myocardial wall thickening during right atrial 
pacing (Young & Mullane, Am. J. Physio., 1991, 261: 1570-1577). Animals were subjected to six repeated episodes of 
pacing. A continuous IV infusion of 1 g/kg/min of GP-1-515 or saline (control) -was administered post pace #1. The 
results of these experiments are shown in Table B and reveal that the adenosine kinase inhibitor, GP-1 -515, attenuates 
the decline in wall thickening associated with pacing induced ischemia. 

40 



TABLE B 



% of Non-lschemic Wall Thickening 


Pace# 


Saline (n=3) 


GP-1-515 {n=4) 


1 


33.3 ±9.3 


39.8 ± 3.2 


2 


40.5 ±11 


43.6 ±12.0 


3 


27.4+16 


34.0+19.0 


4 


19.2 ±23 


50.5 ±21.3 


5 


22.6 ±16 


75.6 ±19.4 


6 


13.7 ±19 


62.6 ±17.1 



EXAMPLE F 

55 EFFICACY OF GP-1-515 IN A PRECLINICAL MODEL OF UNSTABLE ANGINA 

[0293] GP-1 -515 was tested in a canine model of platelet-induced coronary thrombosis (Folts» J., Circulation. 1 991 , 
63[Suppl. IV]:IV-3-IV-14). In this model, platelets cyclically aggregate and embolize causing cyclic flow reductions 
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(CFRs) that are quantitated by the frequency and the change in coronary blood flow from low point to peak with each 
cycle. The results are shown in Table C. Administration of the adenosine kinase inhibitor, GP-1-515, abolished CFRs 
in 3 of 8 animals and reduced both the frequency and the change in flow in those animals where CFRs were not 
abolished. 

5 



TABLE C 





Control 


0.03 


0.1 


0.3 


CFR (freq.) 
CFR (D flow) 


5.2 ± 0.2 (n=8) 
17 ±1.7 (n=8) 
0/8 


3.0 ± 0.6 (n=7) 
10.1 ±2.6 (n=7) 
1/8 


3.4 ± 0.8 (n=5) 
11.0 ±2.1 (n=5) 
3/8 


4.2 ±0.6 (n=5) 
14.1 ±1.9 (n=5) 
3/8 



EXAMPLE G 

t5 INHIBITION OF NEUTROPHIL ADHERENCE TO FIBROBLASTS OR ENDOTHELIAL CELLS 

[0294] The ability of an adenosine kinase inhibitor to affect neutrophil adherence to fibroblasts and endothelial cells 
was evaluated in a cell culture model 

[0295] Cultures of human dermal fibroblasts or human umbillical vein endothelial cells were washed and then incu- 
20 bated for 2 hours at 37°C in a 5% COg atmosphere in fresh medium containing different concentrations of the adenosine 
kinase inhibitors GP-1-272 and GP-1-456. These incubations were carried out in the presence of fMLP-stimulated 
human neutrophils isolated from whole blood (1.25 x 10^/ml) with or without adenosine deaminase (0.125 U/ml). At 
the end of the Incubation, the medium was removed and the monolayers of fibroblasts or endothelial cells and adherent 
neutrophils were fixed by addition of formaldehyde (3.7%) and, after washing to remove non-adherent neutrophils. 
2S adherent neutrophils were stained with Weigart's hematoxylin and counted under a light microscope. The results de- 
picted in Figure 2 show that the adenosine kinase inhibitors GP-1-272 and GD-1-456 inhibit neutrophil adhesion to 
endothelial celts and that this inhibition is reversed by adenosine deaminase treatment 

EXAMPLE H 

30 

INHIBITION OF CONTRACTION IN ISOLATED ILEUM 

[0296] The ability of adenosine kinase inhibition to affect stimulated contraction of muscle strips from the isolated 
ileum has been investigated. 

55 [0297] Segments (about 1 cm) of longitudinal muscle were stripped from the guinea pig ileum, connected to isotonic 
force transducers and suspended in jacketed tissue baths containing Krebs-Ringer solution aerated with 95% 02/5% 
CO2. Parallel platinum electrodes were used to deliver electrical current at 1 minute inten/als at a voltage adequate to 
induce contraction of 90% of maximal. The adenosine kinase inhibitors, GP-1-515 or GP-1-547 were added to the 
tissue baths at different concentrations, with or without either the adenosine receptor antagonist, 8-sulphophenylthe- 

^0 ophylline (BSPT) or adenosine deaminase (ADA), and the effects on contraction monitored. 

[0298] Inhibition of contraction by (A) GP-1 -51 5 and (B) GP-1 -547 together with reversal by both 8SPT and ADA are 
shown in Figure 3. 

EXAMPLE I 

4S 

INHIBITION OF SEIZURES BY ADENOSINE KINASE INHIBITORS 

[0299] The ability of selected adenosine kinase inhibitors to influence PTZ-induced seizures was evaluated In an 
experimental animal model. 

so [0300] Male Swiss Webster mice in groups of 6-8 were preinjected intraperitoneal^ (IP) with either vehicle or an 
adenosine kinase inhibitor followed 1 hour later by 100 mg/kg pentylenetetrazol (PTZ) administered subcutaneously 
in the upper back of the animal. After injections of the convulsant, animals were isolated in separate cages and observed 
for the onset of seizure, /^ninnals were scored as being fully protected from seizure if they failed to seize for a period 
of 1 hour after PTZ administration (vehicle control animals seized after about 4 minutes). The results are shown In 

^5 Figure 4. 

[0301] In Panel A, the adenosine kinase inhibitor, GP-1 -456, was administered IP at doses of 1, 5 and 10 mg/kg 
followed after 45 minutes by PTZ administration. 
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[0302] In Panel B, GP-1 -456 was administered IP at a dose of 2.5 mg/kg alone or together with either 34 mg/kg of 
theophylline or 70 mg/kg of 8-sulfophenyltheophylline followed after 45 minutes by PTZ administration. 
[0303] In additional studies, mice were given GP-1-456 or GP-1-560 by oral administration 45 minutes prior to PTZ 
administration. The results are given in Table D and derTK)nstrate that the adenosine kinase inhibitors exhibit oral 
s anticonvulsant -activity. 

[0304] The ability of the adenosine kinase inhibitors to influence electroshock-induced seizures was also evaluated 
in an experimental model. 

[0305] The adenosine kinase inhibitor GP-1-456 or vehicle were administered orally to rats prior to electroshock 
treatment. After 1 hour, corneal electrodes were applied to the eyes of each animal and an electrical stimulus of 160 
10 mA delivered for 0.2 seconds. Animals were isolated in separate cages and observed for seizure. Abolition of the 
hindleg tonic extensor component is taken as the end point for this test and reflects ability of the compound to prevent 
seizure spread. 

[0306] From the data presented in Table E, an ED50 of 0.18 mg/kg was determined for protectbn of electroshock- 
induced seizures by the adenosine kinase inhibitor, GP-1-456. 

IS 



TABLE D 



20 



Treatment 


N= 


Percent Seizure 


Seizure Score 


Latency To First Seizure (minutes) 


Control 


13 


100 


3.6±1.2 


3.3 


GP-1-456 (2.5 mg/kg) 


13 


15 


0.3a^.4* 


8.2* 


Control 


8 


100 


2.5 ±1.6 


4.5 


GP-1-560 (30 mg/kg) 


7 


71 


0.71+0.5 


4.5 


GP-1-560 (50 mg/kg) 


7 


43 


1.0+0.9 


7.0* 



^5 * p < 0.05 vs. Control 

[0307] Data is presented as the mean ± standard deviation. 



TABLE E 
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GP-1-456 (mg/kg) 


No. of Animals (protected/tested) 


0.00 


0/8 . 


0.05 


1/8 


0.10 


2/8 


0.15 


2/8 


0.19 


6/8 


0.38 


6/8 


0.75 


7/8 


1.50 


8/8 



Claims 

4S Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, PR, GB, IT, LU, MC, NL, PT, SE 

1 . A compound which is a pyrimidine derivative of the formula: 

so 



ss 
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F 




wherein: 

(a) A is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n*B wherein n is 1, 2, 3 or 4 and B is hydrogen, alkyi, alkoxy, amino, aikylamino. acylamino, 
hydrocarbyloxycarbonylamino, mercapto, alkylthio, aztdo, cyano, halogen, or B' is alkenyl or alkynyl; 

(c) Ci and C2 are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein Is a single bond to C2 and C2 is carbonyl or a-alkoxyalkylldene; 

(d) X is 



D 




and Y is -N= or 



£ 




(e) D is hydrogen, halogen, alkyI, aryl, aralkyi, alkenyl, alkynyl, haloalkyi, cyano. cyanoalkyl, acyl, carboxamido, 
a carboxylic acid or carboxylic acid ester group, alkoxy, aryloxy, araikyloxy, alkylthio, arytthb, aralkylthio, ami- 
no, aikylamino, arylamino, aralkylamino, acylamino, or nitro; 

(f) E is hydrogen, halogen, alkyI, or alkylthio; 

(g) F is alkyI, aryl, aralkyi, halogen, amino, aikylamino, arylamino, aralkylamino. cyano, cyanoalkyl, alkoxy 
aryloxy, aralkoxy,. alkylthio, arylthio, aralkylthio; optionally substituted indolinyl or indolyl; pyrrolidinyl or piper- 

azinyl; and 

(h) G is hydrogen, halogen, lower alkyI, lower alkoxy, lower aikylamino or tower alkylthio; or a pharmaceutically 
acceptable salt thereof; with the proviso that: when A is oxygen and 

(i) X is 



D 




and Y is 
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E 




then If B' is methyl, D is halogen, cyano or carboxamido, and F is amino, then G is not hydrogen; or if D is 
hydrogen, then F Is not amino; or 
(11) X is 



D 




and Y is if B is hydrogen or halogen, D and G are hydrogen, then F is not amino; or when A is methylene, 
Xis 



D 




Yis 

E 
I 

B, D, E and G are hydrogen, then F Is not amino. 
A compound which is a pyrimidine derivative of the formula: 



F 




wherein: 

(a) A Is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1 . 2, 3 or 4 and B is hydroxy, acyloxy, hydrocarbyloxycarbonyloxy, or -OCONR2 
wherein each R is independently hydrogen or hydrocarbyl; 

(c) and Cg are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to and C2 is carbonyl or a-alkoxyalkylidene; 

(d) X is 
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D 




and Y is -N=; 

(e) D is halogen, aryl or aralkyi; 

(f) F Is alkyi, aryl, aralkyi. halogen, amino, alkylamino, arylamino. aralkylamino, cyano, cyanoalkyi, alkoxy 
aryloxy, aralkoxy, alkylthio, arylthio, aralkylthio, optionally substituted inctolinyl or Indolyl, pyrrolldinyl or piper- 
azinyl; and 

(g) G is hydrogen, halogen, lower alkyI, lower alkoxy or lower alkylthio; or a pharmaceutlcally acceptable 
salt thereof; 

with the proviso that when A Is oxygen and D Is halogen, then F Is not amino. 
A compound which is a pyrimidine derivative ot the formula: 



F 




CiO OC2 



(a) A is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1 , 2, 3 or 4 and B is hydroxy, acyloxy, hydrocarbyloxycarbonyloxy, or -OCONR2 
wherein each R is independently hydrogen or hydrocarbyl; 

(c) and C2 are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to C2 and is carbonyl or a-alkoxyalkylidene; 

(d) X is 



D 

1 



and Y is 



£ 




(e) D is aryl or aralkyi; 

(f) E is hydrogen, halogen, alkyI or alkylthio; 

(g) F is alkyl. aryl. aralkyi, halogen, amino, alkylamino, arylamino. aralkylamino, cyano, cyanoalkyi, alkoxy, 
aryloxy, aralkyloxy, alkylthio, arylthio, aralkylthio, optionally substituted indollnyl or indolyl, pyrrolidinyl or pip- 
erazlnyl; and 
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(h) G is hydrogen, halogen, tower alkyi, tower alkoxy, or tower alkylthto; 
or a pharrDaceutically acceptable salt thereof; 

wrth the proviso that: when A is oxygen, D is oxadiazolyl, triazolyl or triazinyl, and E and G are both 
hydrogen, then F is not amino. 

5 

4. A compound according to any one of claims 1 to 3, in which A is oxygen. 

5. A compound according to any one of claims 1 to 4. in which F is halogen or an amino, alkylamino. arylamino, 
aralkylamino, alkytthio, arytthio, alkyI, aryl or aralkyi group. 

70 

6. A compound according to any one of claims 1 to 5, in which G is hydrogen. 

7. A compound as claimed in any one of claims 1 to 6. for use in a method of medical treatment by surgery, therapy 
or diagnosis on the human or animal body. 

IS 

8. A compound as claimed in claim 7, for use In enhancing adnosine levels in a mammal. 

9. A compound according to claim 7, for use in a method of enhancing local levels of adenosine around cells having 
an undesirably low ratio of synthesis of adenosine triphosphate/breakdown of adenosine triphosphate. 

20 

10. A compound according to claim 7, for use in a method of treating or preventing a cardiovascular disorder in a 
mammal where injury or dysfunction causes or is caused by ischemia, reperfusion or arrhythmia. 

11 . A compound according to claim 7, for use as adjunctive therapy with a procedure in a mammal to protect the heart. 

25 

12. A compound according to claim 7, for use in a method of preventing or decreasing reperfusion injury to a tissue 
or organism in a mammal following interrupted or decreased blood flow to that tissue or organism. 

1 3. A compound according to claim 7, for use in a method of preventing or decreasing platelet aggregation in a mammal. 

30 

14. A compound according to claim 7, for use in a method of preventing or decreasing inflammatory responses in a 
mammal. 

15. A compound according to claim 7, for use in a method of treating a patient having a chronic low or insufficient 
3S adenosine level or who would benefit from an increased central nervous system adenosine level. 

16. A compound according to claim 7, for use in a method of producing skeletal muscle relaxation or preventing skeletal 
muscle spasm in a mammal. 

40 17. A compound according to claim 7, for use in a method of encouraging a sleep state in a patient. 

18. A compound according to claim 7, for use In a method of treating anxiety. 

19. A compound according to claim 7, for use in a method of reducing or preventing neural tissue damage caused by 
45 excitotoxicity in a mammal. 

20. A compound according to claim 7, for use in a method of decreasing neural tissue damage associated with a 
neurodegenerative disease in an^animal. 

so 21 . A compound according to claim 7, for use in a method of treating or preventing epilepsy or seizures in a mammal. 

22. A compound according to claim 7, for use in a method of decreasing local contraction of smooth muscle in a 
mammal. 

55 23. A compound according to any one of claims 8, 1 2 or 1 9, for use in the treatment of stroke. 

24. A compound according to claim 14, wherein the inflammatory responses causes arthritis, meningitis, autoimmune 
disease, inflammatory bowel disease, vasculitis, dermatitis, myositis or renal inflammation. 
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25. Use of a compound having a pyrrolo[2,3-cI]pyrjmidine skeleton or a pyra2ole[3,4-d]pyrinnidine skeleton and having 
an IC50 of 1 nnicromolar or less in an in w/ro adenosine kinase enzyme inhibition test method in the manufacture 
of a medicament for use In a method of treatment as defined in any one of claims 8 to 24. 

26. Use of a compound as claimed in any one of claims 1 to 6 in the manufacture of a medicament for use in a method 
of treatment as defined in any one of claims 8 to 24. 

27. Use according to claim 25 or claim 26, in which the medicament is for use as an anti-inflammatory agent. 

28. Use as claimed in claim 27 in which the compound shows at least a 20% reduction of total mean hind paw edema 
at a dose of 300 mg/kg day or less in an in vivo inflammation test method. 



Claims for the following Contracting States : ES, GR 

1. A process for preparing a compound which is a pyrimidine derivative of the formula: 



F 




wherein: 

(a) A is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1, 2, 3 or 4 and B is hydrogen, alkyi, alkoxy. amino, alkylamino, acylamino, 
hydrocarbyloxycarbonylamino, mercapto, alkylthio. azido, cyano, halogen, or B' is alkenyl or alkynyl; 

(c) Ci and C2 are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to and is carbonyl or a-alkoxyalkylidene; 

(d) X is 



D 

I 

and Y is -N= or 



E 




(e) D is hydrogen, halogen, alkyI, aryl, aralkyt, alkenyl, alkynyl, haloalkyi, cyano, cyanoalkyi, acyl, carboxamido, 
a carboxytic acid or carboxylic acid ester group, alkoxy, aryloxy, aralkyloxy, alkylthio. arylthio, aralkylthio, ami- 
no, alkylamino, arylamino, aralkylamino, acylamino, or nitro; 

(f) E Is hydrogen, halogen, alkyI, or alkylthio; 
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(g) F is alky!, aryl, aralkyi, halogen, amino, alkylamino, arylamino, aralkylamino, cyano, cyanoalkyi, alkoxy 
aryloxy, aralkoxy, alkylthio, arylthio, aralkylthlo; optionally substituted indolinyl or indolyl; pyrrolidinyl or piper- 
azinyl; and 

(h) G Is hydrogen, halogen, lower aikyi, lower alkoxy, lower alkylamino or lower alkylthio; 

or a pharmaceutically acceptable salt thereof; with the proviso that: when A is oxygen and 

(i) X is 



D 




and Y is 



£ 

I 

then if B* Is methyl, D is hatogen, cyano or carboxamido, and F is amino, then G is not hydrogen; or if D is 
hydrogen, then F is not amino; or 

(ii) X is 



D 

I 



and Y is -N=, if B is hydrogen or halogen, D and G are hydrogen, then F is not amino; or when A is methylene, 
Xis 



D 




Yis 

E 
I 

B, D, E and G are hydrogen, then F is not amino which process comprises reacting a compound of the formula: 



58 



EP0 496 617 B1 




CiO 0C2 



in which Z is a halogen and A, B', , C2, G, and X are as defined above or are in a protected form, and Y is -N=, 
with an appropriate nucleophilic agent and, if necessary, deprotecting the product to form a compound 

of formula I in which Y is -N=; 

or which process comprises reacting a compound of the formula: 




where A and B* are as defined above and 2 is a halogen, with a compound of the formula: 




where E, D and G are as defined above and Z is a halogen to give a compound of the formula: 




and deprotecting the compound to provide a compound of formula I in which Y is 
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£ 

II 

A process for preparing a compound which is a pyrimidine derivative of the formula: 



F 




CiO OC2 



wherein: 

(a) A Is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1 , 2, 3 or 4 and B is hydroxy, acyloxy, hydrocarbyloxycarbonyloxy, or 'OCONR2 
wherein each R is independently hydrogen or hydrocarbyl; 

(c) Ci and C2 are each independently hydrogen, acy I, hydrocarbyioxycarbonyl or taken together form a 5-mem- 
bered ring wherein C-, is a single bond to C2 and C2 is carbonyl or a-alkoxyalkylidene; 

(d) X is 



D 




and Y is -N=; 

(e) D is halogen, aryl or aralkyi 

(f) F Is alkyi, aryl, aralkyi, halogen, amino, alkylamino, arylamino, aralkylamino, cyano, cyanoalkyi, alkoxy, 
aryloxy, aralkoxy, alkylthio, arylthio, aralkylthio, optionally substituted indolinyl or indolyl, pyrrolidinyl or piper- 
azlnyl; and 

(g) G is hydrogen, halogen, lower alkyI, lower alkoxy or lower alkylthio; 



or a pharmaceutically acceptable salt thereof; with the proviso that when A is oxygen and D is halogen, 
then F Is not amino which process comprises reacting a compound of the formula: 
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z 




ClO OC2 



in which Z is a hatogen and A, B', C^, C2, G, X and Y are as defined above or are in a protected form, 

with an appropriate nucleophilic agent and, if necessary, deprotecting the product to form a compound of 
formula L 

A process for preparing a compound which Is a pyrlmidine derivative of the formula: 



(a) A Is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1 , 2, 3 or 4 and B Is hydroxy, acyloxy, hydrocarbyloxycarbonyloxy, or -OCONRg 
wherein each R Is independently hydrogen or hydrocarbyl; 

(c) Ct and C2 are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a Snnem- 
bered ring wherein is a single bond to C2 and C2 is carbonyl or a-alkoxyalkylidene; 

(d) X is 



F 




C^O OC2 



wherein: 



D 



and Y Is 



£ 



(e) D is aryl or aralkyi; 

(f) E is hydrogen, halogen, alkyi or alkylthio; 



61 



EP0 496 617B1 



(g) F is alkyi, aryl, aralkyi, halogen, amino, alkylamino, arylamino, aralkylamino, cyano, cyanoalkyi, alkoxy, 
aryloxy, aralkyloxy. alkyllhio. arylthio, aralkylthio, optionally substituted indolinyl or indolyl, pyrrolidinyl or pip- 
eraziriyl; and 

(h) G is hydrogen, halogen, lower alkyI, lower alkoxy. or lower alkylthio; 

or a pharmaceuticalty acceptable salt thereof; 

with the proviso that: when A Is oxygen, D is oxadiazolyl, triazolyl or triazinyl, and E and G are both 
hydrogen, then F is not amino which process comprises reacting a compound of the formula: 




where A and B' are as defined above and Z is a halogen, with a compound of the formula: 



N 




Na 

where E, D and G are as defined above and Z' is a halogen, to aive a compound of the formula: 




and deprotecting the compound to provide a compound of formula I. 
A process according to any one of claims 1 to 3, in which A Is oxygen. 

A process according to any one of claims 1 to 4, in which F Is halogen or an amino, alkylamino, arylamino, ar- 
alkylamino, alkylthio, arylthio, alkyI, aryl or aralkyi group. 

A process according to any one of claims 1 to 5, in which G is hydrogen. 

Use of a compound as claimed in any one of claims 1 to 6, in the manufacture of a medicament for use in a method 
of medical treatment by surgery, therapy or diagnosis on the human or animal body. 

Use of a compound as claimed in claim 7, in the manufacture of a medicament for use in enhancing adenosine 
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levels in a mammal. 

9. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of enhancing 
local levels of adenosine around cells having an undesirably bw ratio of synthesis of adenosine triphosphate/ 

s breakdown of adenosine triphosphate. 

10. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of treating or 
preventing a cardiovascular disorder In a mammal where injury or dysfunction causes or is caused by ischemia, 
reperfusion or arrhythmia. 

10 

11. Use of a compound according to claim 7, in the manufacture of a medicament for use as adjunctive therapy with 
a procedure in a mammal to protect the heart. 

12. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of preventing 
IS or decreasing reperfusion injury to a tissue or organism in a mammal following interrupted or decreased blood flow 

to that tissue or organism. 

13. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of preventing 
or decreasing platelet aggregatbn in a mammal. 

20 

14. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of preventing 
or decreasing inflammatory responses in a mammal. 

15. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of treating a 
2S patient having a chronic low or insufficient adenosine level or who would benefit from an Increased central nervous 

system adenosine level. 

16. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of producing 
skeletal muscle relaxation or preventing skeletal muscle spasm in a mammal. 

30 

17. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of encouraging 
a sleep state in a patient. 

1 8. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of treating anxiety 

35 

19. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of reducing or 
preventing neural tissue damage caused by excitotoxicity in a mammal. 

20. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of decreasing 
40 neural tissue damage associated with a neurodegenerative disease in an animal. 

21. Use of a compound according to claim 7, in the manufacture of a medicament for use in a method of treating or 
preventing epilepsy or seizures In a mammal. 

45 22. Use of a compound according to claim 7, In the manufacture of a medicament for use in a method of decreasing 
local contraction of smooth muscle In a mammal. 

23. Use of a compound according to any one of claims 9, 11 or 19, in the manufacture of a medicament for use in the 
treatment of stroke. 

so 

24. Use of a compound according to claim 14, wherein the inflammatory responses cause arthritis, meningitis, autoim- 
mune disease, inflammatory bowel disease, vasculitis, dermatitis, myositis or renal inflammation. 

25. Use of a compound having a pyrrolo[2,3-d]pyrimldine skeleton or a pyrazolo[3,4-d]pyrimidlne skeleton having an 
55 1C50 of about 1 micromolar or less in an in vrtro adenosine kinase enzyme Inhibition test method in the manufacture 

of a medicament for use in a method of treatment as defined in any one of claims 8 to 24. 

26. Use of a compound as claimed In any one of claims 1 to 6 in the manufacture of a medicament for use in a method 
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of treatment as defined in any one of claims 8 to 24. 
27. A compound which is a pyrimidine derivative of the formula; 




CiO OC2 



wherein: 



(a) A is oxygen, methylene or sulfur; 

(b) B' is -(CH2)n-B wherein n is 1, 2, 3 or 4 and B is hydrogen, aikyi, alkoxy, amino, alkylamino, acylamino, 
hydrocarbybxycarbonylamino, mercapto, alkylthio, azido, cyano, halogen, or B' is alkenyl or alkynyl; 

(c) and Cg are each independently hydrogen, acyl, hydrocarbyloxycarbonyl or taken together form a 5-mem- 
bered ring wherein is a single bond to C2 and C2 is carbonyl or a-alkoxyalkylidene; 

(d) Xis 



D 
I 



and Y is -N= or 



(e) D is hydrogen, halogen, alkyi, aryl, aralkyi, alkenyl. alkynyl, haloalkyi, cyano, cyanoaikyl. acyl, carboxamido* 
a carboxylb acid or carboxylk: acid ester group, alkoxy, arybxy, aralkyloxy. alkylthio, arylthio. aralkytthio. ami- 
no, alkylamino, arylamino, aralkylamino, acylamino, or nitro; 

(f) E is hydrogen, halogen, alkyI, or alkylthio; 

(g) F is alkyi, aryl, aralkyi, halogen, amino, alkylamino, arylamino, aralkylamino. cyano, cyanoaikyl, alkoxy, 
aryloxy, aralkoxy, alkylthio, arylthio, aralkylthio; optionally substituted indolinyl or indolyl; pyrrolidinyl or piper- 
azinyt; and 

(h) G is hydrogen, halogen, lower alkyI, lower alkoxy, lower alkylamino or tower alkylthio; or a pharmaceutically 
acceptable salt thereof; with the proviso that: when A is oxygen and 



(i) X is 



D 

I 
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and Y is 



£ 



5 




then if B' is methyl, D is halogen, cyano or carboxamido, and F is amino, then G is not hydrogen; or if D 
is hydrogen, then F Is not amino; or 
10 (ii)Xis 



D 



75 




and Y is -N=, if B is hydrogen or halogen, D and G are hydrogen, then F is not amino; or when A is 
methylene. X is 

20 

D 

I 

25 

Yis 



30 E 

I 

35 B. D. E and G are hydrogen, then F is not amino. 



Patentanspruche 

40 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, MC, NL, PT, S£ 

1. Verbindung, welche ein Pyrimidinderivat folgender Formel ist: 

45 



50 



55 
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worin: 

(a) A Sauerstott, Methylen Oder Schwefel ist; 

(b) B' *(CH2)n''B ist, worin n 1 , 2, 3 Oder 4 ist und 8 Wasserstoff , Alkyt, Alkoxy, Amino, Alkyiamino, Acylamino, 
Hydrocarbyloxycarbonylamlno, Mercapto, AlkyMhio. AzkJo. Cyano, Halogen Ist, Oder B' Alkenyl oder Alklnyl 

ist; 

(c) und jeweils unabhangig Wasserstoff, Acyl, Hydrocarbyloxycarbonyl sind Oder zusammengenommen 
einen 5-gliedrigen Ring bilden, worin eine Einfachbindung zu C2 ist und C2 Carbonyl oder a- Alkoxyalkyliden 
ist; 

(d) X 

ist und Y -N= cxler 



s 

I 



1st; 

(e) D Wasserstoff, Halogen. Alkyl, Aryl. AralkyI, Alkenyl. AlkinyL HalogenalkyI, Cyano. Cyanoalkyl. Acyl, Car- 
boxamido, eine Carbonsaure- oder eine Carbonsaureestergruppe, Alkoxy, Aryloxy, Aralkyloxy, Alkylthio, 
Arylthio, Aralkylthio, Amino, Alkyiamino, Arylamino, Aralkylamino, Acylamino oder Nitro Ist; 

(f) E Wasserstoff, Halogen, Alkyl oder Alkylthio ist; 

(g) F Alkyl, Aryl, AralkyI, Halogen, Amino, Alkyiamino, Arylamino, Aralkylamino, Cyano, Cyanoalkyl, Alkoxy, 
Aryloxy, Aralkoxy, Alkylthio, Arylthio, Aralkylthio; wahlweise substituiertes Indolinyl oder Indolyl; Pyrrolldlnyl 
Oder Piperazinyl ist; und 

(h) G Wasserstoff, Hak)gen, NIederalkyI, Niederalkoxy, Ntederalkylamino oder NIederatkylthio ist; 
Oder etn pharmazeutisch annehmbares Salz davon; mit der MaBgabe, da3; wenn A Sauerstoff Ist und 

(l)X 



I 

Ist und Y 

S 

I 

ist, dann, wenn B' Methyl ist, D Halogen, Cyano oder Carboxamldo Ist und F Amino Ist, dann G nicht Wasser- 
stoff ist; Oder, wenn D Wasserstoff ist, dann F nIcht Amino ist; oder 

(li)X 
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D 

-i. 

ist und Y -N= isl, wenn B Wasserstoff Oder Halogen ist, D und G Wasserstoff sind. dann F nicht Amino isl; 
Oder wenn A Methylen Ist, X 



I 



ist, Y 



3 

I 

ist, B, D, E und G Wasserstoff sind, dann F nicht Amino ist. 
Verbindung, welche ein Pyrimidinderivat folgender Formel ist: 




worin: 

(a) A Sauerstoff, IVIethylen oder Schwefel ist; 

(b) B' -(CH2)n-B ist, worin n 1 , 2, 3 Oder 4 ist und B Hydroxy, Acyloxy, Hydrocarbyloxycarbonyloxy Oder 
-OCONR2 ist, worin jedes R unabhangig Wasserstoff oder Hydrocarbyl ist; 

(c) Ci und C2 jeweils unabliangig Wasserstoff, Acyl, Hydrocarbyloxycarbonyl sind oder zusammengenommen 
einen 5-gliedrigen Ring bilden, worin eine Einfachbindung 2u C2 ist und C2 Carbonyl oder a-Aikoxyalkyliden 
ist; 

(d) X 



D 

I 



ist und Y -N = ist; 

(e) D Halogen, Aryl oder AralkyI ist; 

(f) F Alky), Aryl, AralkyI, Halogen, Amino, Alkylamino, Arylamino, Aralkylamino, Cyano, CyanoalkyI, Alkoxy, 
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Aryloxy. Aralkoxy. Alkylthio, Arytthio, Aralkylthio, wahlweise substitulertes Indolinyl Oder Indolyl, Pyrrolidinyl 
Oder Piperazinyl ist; und 

(g) G Wasserstoff, Halogen. NiederalkyI, Niederaikoxy oder Niederalkylthk) ist; 

Oder ein pharmazeutisch annehmbares Salz davon; mit der MaBgabe. da(3: wenn A Sauerstoff ist und D Halogen 
ist, dann F nicht Amino ist. 

Verbindung, welche ein Pyrlmidinderivat tolgender Formel ist: 




CiO OC3 



wonn: 



(a) A Sauerstoff, Methylen oder Schwefel ist; 

(b) B* -(CH2)n-B ist. worin n 1 , 2. 3 oder 4 ist und B Hydroxy, Acyloxy, Hydrocarbyloxycarbonyloxy oder 
-OCONR2 ist, worin jedes R unabhangig Wasserstoff oder Hydrocarbyl ist; 

(c) und C2 jeweils unabhangig Wasserstoff, Acyl, Hydrocarbyloxycarbonyl sind oder zusammengenommen 
einen 5-g!iedrigen Ring bilden, worin eine Einfachbindung zu ist und Cg Carbonyl oder a-Alkoxyalkyliden 
ist; 

(d) X 



D 

.1 



ist und Y 



3 

I 

-•C» 



ist; 

(e) D Aryl oder AralkyI ist; 

(f) E Wasserstoff, Halogen, AlkyI oder Alkylthio ist; 

(g) F Alkyl, Aryl, AralkyI, Halogen, Annino, Alkylamino, Arylamino, Aralkylanr^ino, Cyano, CyanoalkyI, Alkoxy, 
Aryloxy, Aralkybxy, Alkylthio, Arylthio, Aralkylthio, wahlweise substitulertes Indolinyl oder indolyl, Pyrrolidinyl 

Oder Piperazinyl ist; und 

(h) G Wasserstoff, Halogen, NiederalkyI, Niederaikoxy oder Niederalkylthio ist; 

Oder ein pharmazeutisch annehmbares Salz davon; mit der MaBgabe, daB: wenn A Sauerstoff ist, D Oxadiazolyl, 
Triazolyl oder Triazinyl ist und E und G beide Wasserstoff sind. dann F nicht Amino ist. 

Verbindung gemaB mindestens einem der Anspruche 1 bis 3, worin A Sauerstoff ist. 
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5. Verbindung gemaB mindestens einem der Anspruche 1 bis 4, worin F Halogen Oder eine Amino-, Alkylamino-, 
Arylamino-. Aralkylamino-, Alkylthio-, Arylthio-. AlkyI-, Aryl- oder Aralkylgruppe 1st. 

6. Verbindung gemalB mindestens einem der Anspruche 1 bis 5, worin G Wasserstoff ist. 

5 

7. Verbindung gemaB mindestens einem der Anspruche 1 bis 6 zur Verwendung bei einem Verfahren der medizini- 
schen Behandlung durch chirurgischen Eingritf, Therapie Oder Diagnose beim menschlichen oder tierischen Kor- 
per. 

10 8. Verbindung gemaB Anspruch 7 zur Venwendung bei der Steigerung von Adenosinspiegel in einem Sauger 

9. Verbindung gemaQ Anspruch 7 zur Ven^/endung bei einem Verfahren der Steigerung lokaler Spiegel an Adenosin 
urn Zellen mit einem unerwunscht niedrigen Verhaltnis von Synthase an Adenosintriphosphat/Abbau an Aden- 
osintriphosphat. 

75 

10. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren der Behandlung oder Vorbeugung bzw. Ver- 
hinderung einer kardiovaskularen Storung in einem Sauger. wo eine Verletzung oder Dysfunktion Ischamie, Re- 
perfusion oder Arrhythmie verursacht oder durch diese verursacht wird. 

20 11. Verbindung gemaB Anspruch 7 zur Venwendung als unterstutzende Therapie mit einer Vorgehensweise in einem 
Sauger zum Schutz des Herzens. 

12. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren zur Verhinderung oder Verringerung von 
Repertusionsverletzung bei einem Gewebe oder Organisumus in einem Sauger, gefolgt von unterbrochenem oder 

25 vermindertem BlutfluB zu dem Gewebe oder Organismus. 

13. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren zur Verhinderung oder Verringerung von 
Blutplattchenaggregation in einem Sauger 

30 14. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren zur Verhinderung oder Verringerung von 
Entzundungsreaktionen in einem Sauger. 

15. Verbindung gemaB Anspruch 7 zur Verwendung bei einem Verfahren zur Behandlung eines Patienten mit einem 
chronisch niedrigen oder unzureichenden Adenosinspiegel, oder welcher aus einem erhohten Adenosinspiegel 

3S des Zentralen Nervensystems Nutzen Ziehen wurde. 

16. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren zur Erzeugung von Skelettmuskel-Reiaxatton 
Oder zur Verhinderung von Skelettmuskel-Spasmus in einem Sauger. 

40 17. Verbindung gemaB Anspruch 7 zur Verwendung bei einem Verfahren zur Forderung eines Schlafzustandes bei 
einem Patienten. 

18. Verbindung gemaB Anspruch 7 zur Verwendung bei einem Verfahren zur Behandlung von Angst. 

45 19. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren zur Verringerung oder Verhinderung von 
durch Excitotoxizitat verursachter Nen^engewebeschadigung in einem Sauger. 

20. Verbindung gemaB Anspruch 7 zur Verwendung bei einem Verfahren zur Verringerung von mit einer neurodege- 
nerativen Erkrankung in Verbindung stehender Nervengewebeschadigung in einem Her. 

50 

21. Verbindung gemaB Anspruch 7 zur Verwendung bei einem Verfahren zur Behandlung oder Verhinderung von 
Epilepsie oder Anfallen bei einem Sauger. 

22. Verbindung gemaB Anspruch 7 zur Venwendung bei einem Verfahren der Senkung der lokalen Kontraktion glatter 
55 Muskulatur in einem Sauger. 

23. Verbindung gemaB mindestens einem der Anspruche 8, 12 oder 19 zu Venwendung bei der Behandlung eines 
Schlaganfalles. 
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24. Verbindung gemaB Anspruch 14, wobei die Entzundungsreaktionen Arthritis, Meningitis, Autoimmunerkrankung, 
Darmentzundungserkrankung, Xfesculitis, Dermatitis, Myositis Oder Nierenentzundung verursachen. 

25. Verwendung einer Verbindung mit einem Pyrrolo[2.3-d]pyrimidin-G8rust Oder einenr^ Pyrazolo(3,4-d]pyrimidin-Ge- 
rust und einem ICgo-Wert von 1 mikromolar Oder weniger in einem in wfro-Adenosin-Kinaseenzym-lnhibitionstest- 
verfahren bei der Herstellung eines Medikamentes zur Venwendung bei einem Behandlungsverfahren, wie in min- 
destens einem der Anspruch 8 bis 24 definiert. 

26. Verwendung einer Verbindung gemaB mindestens einem der AnsprOche 1 bis 6 bei der Herstellung eines Medi- 
kamentes zur Venwendung bei einem Behandlungsverfahren, wie in mindestens einem der Anspruch 8 bis 24 
definiert. 

27. Venvendung gemaB Anspruch 25 Oder Anspruch 26, wobei das Medikament zur VenA^endung als ein entzundungs- 
hemmendes MIttel ist. 

28. Verwendung gemaB Anspruch 27, wobei die Verbindung mindestens eine 207oige Verringerung des gesamten 
mittleren ROckpfotenodems bei einer Dosis von 300 mg/kg pro Tag Oder weniger bei einem in wVo-Entzundungs- 
testverfahren zeigt. 



Palentanspruche fur folgende Vertragsstaaten : £S, GR 

1. Verfahren zur Herstellung einer Verbindung, welche ein Pyrlmidinderivat folgender Forme! ist: 




worin; 

(a) A Sauerstoff, Methylen Oder Schwefel ist; 

(b) B' -(CH2)n-B ist, worin n 1 , 2, 3 Oder 4 ist und B Wasserstoff, AlkyI, Alkoxy, Amino, Alkylamino, Acylamino, 
Hydrocarbyloxycarbonylamino, Mercapto, Alkylthio, Azido, Cyano, Halogen ist, oder B' Alkenyl oder Alkinyl ist; 

(c) Ci und C2 jeweils unabhangig Wasserstoff, Acy I, Hydrocarbyloxycarbony! sind oder zusammengenommen 
einen 5-gliedrigen Ring bilden, worin eine Einfachbindung zu C2 ist und C2 Carbonyl oder a-Alkoxyalkyliden 
ist; 

(d) X 



D 




ist und Y -N= oder 



70 



EP 0 496 617 B1 



s 

I 

ist; 

(e) D Wasserstoff, Halogen, AlkyI, Aryl, AralkyI, Alkenyl, Alkinyl: HalogenalkyI, Cyano, CyanoalkyI, Acyl, Car- 
boxamido, eine Carbonsaure- Oder eine Carbonsaureestergruppe, Alkoxy, Arytoxy, Aralkyloxy, Alkylthio, 
Aryllhio, Aralkylthio, Amino, Alkylamlno. Arylamino. Aralkylamino. Acylamino Oder Nitro ist; 
(t) E Wasserstoff. Halogen, AlkyI oder Alkylthio ist; 

(g) F AlkyI, Aryl, AralkyI, Halogen, Amino, Alkylamino, Arylamino, Aralkylamino, Cyano, CyanoalkyI. Alkoxy, 
Aryloxy, Aralkoxy, Alkylthio, Arylthio, Aralkylthio; wahlweise substituiertes Indolinyl oder Indotyl; Pyrrolidinyl 
Oder Piperazlnyl ist; und 

(h) G Wasserstoff, Hatogen, NiederalkyI, Niederalkoxy, Niederalkylamino oder NIederalkylthio ist; 
-Oder ein pharmazeutlsch annehmbares Salz davon; mit der MaQgabe, da3: wenn A Sauerstoff ist und 

(l)X 



9 

I 

ist und Y 

S 

I 

•cm 

ist, dann, wenn B' Methyl ist, D Halogen, Cyano oder Carboxamldo ist und F Amino ist. dann G nicht Wasser- 
stoff Ist; Oder, wenn D Wasserstoff ist, dann F nicht Amino ist; oder 
(ii)X 

D 

I 

Ist und Y -N=: ist, wenn B Wasserstoff oder Halogen ist, D und G Wasserstoff sind, dann F nicht Amino ist; 
Oder wenn A Methylen ist, X 



ist, Y 




>C0 



ist, B, D. E und G Wasserstoff sind, dann F nicht Amino ist, wobel das Verfahren die Umsetzung einer Ver- 
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10 



IS 





worin 2 ein Halogen isl und A, B', C^, C2, G und X wie oben definiert sind cxJer in einer geschutzten Form 
vorliegen und Y - N = ist; 

mit einem geeigneten nukleophilen Mittel. und, sofern erforderlich, das Entschutzen des Produktes zur Bildung 
20 einer Verbindung von Formel I, worin Y - N = ist, umfaBt; 

Oder wobei das Verfahren das Umsetzen einer Verbindung der Formel: 



2S 



30 




worin A und B' wie oben definiert sind und Z ein Halogen ist, mit einer Verbindung der Formel: 



3S 



40 




worin E, D und G wie oben definiert sind und Z' ein Halogen ist, zum Erhalt einer Verbindung der Formel: 



so 



55 
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und das Entschutzen der Verbindung zur Bereitstellung einer Verbindung der Formel I, worin Y 

s 

X 

ist, umta3t. 

Verfahren zur Herstellung einer Verbindung, welche ein Pyrimidinderivat folgender Formel ist: 




worin: 

(a) A Sauerstoff, Methylen oder Schwefel ist; 

(b) B' -(CH2)n-B ist, worin n 1 , 2. 3 Oder 4 ist und B Hydroxy, Acyloxy, Hydrocarbyloxycarbonyloxy oder 
-OCONR2 ist. worin jedes R unabhangig Wasserstoff oder Hydrocarbyl ist; 

{c)C^^ und Cgjeweils unabhangig Wasserstoff , Acyl, Hydrocarbyloxycarbonyl sindoderzusammengenommen 
einen 5-gliedrigen Ring bilden, worin eine Einfachbindung zu C2 ist und C2 Carbonyl oder a-Alkoxyalkyliden 
ist; 

(d) X 

D 

I 

ist und Y -N = ist; 

(e) D Halogen, Aryi oder AralkyI ist; 

(f) F Alkyl. Aryl, AralkyI, Halogen. Amino. Alkylamino, Arylamino, Aralkylamino. Cyano. Cyanoalkyl. Alkoxy, 
Aryloxy, Aralkoxy, Alkylthio, Arylthio, Aralkylthio, wahlweise substituiertes Indolinyl oder IndolyL Pyrrolkiinyl 
Oder Piperazinyl ist; und 
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(g) G Wasserstoff, Halogen, Niederatkyl, Niederalkoxy Oder Niederalkylthio ist; 

Oder ein pharmazeutisch annehmbares Salz davon; mit der MaBgabe, da3: wenn A Sauerstoff ist und D Halogen 
ist, dann F nicht Amino ist, wobei das Verfahren das Umsetzen einer Verbindung der folgenden Formel: 



worin Z eIn Halogen ist und A, B', C^, C2, X und Y wie oben definiert sind Oder in einer geschutzten Form 
vorliegen, 

mit einem geeigneten nukleophilen Mittel, und, sofern erforderlich, das Entschutzen des Produktes zur Bildung 
einer Verbindung von Formel I umfa3t. 

Verfahren zur Herstellung einer Verbindung, welche ein Pyrimidinderivat folgender Formel ist: 



(a) A Sauerstoff, Methylen oder Schwefel ist; 

(b) B' -(CH2)n-B ist, worin n 1 , 2, 3 oder 4 ist und B Hydroxy, Acyloxy, Hydrocarbyloxycarbonyloxy Oder 
-OCONR2 ist, worin jedes R unabhangig Wasserstoff oder Hydrocarbyl ist; 

(c) und C2jeweils unabhangig Wasserstoff, Acyl, Hydrocarbyloxycarbonyl sInd oder zusammengenommen 
einen 5-gliedrigen Ring bilden, worin eine Einfachbindung zu C2 ist und Cg Carbonyl oder a-Alkoxyalkyllden 
Ist; 

(d) X 



2 





worin; 



D 



ist und Y 
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S 



--C3 



ist; 

(e) D Aryl Oder AralkyI ist; 

(!) E Wasserstoff , Halogen, Alkyl oder Atkylthio ist; 

(g) F Alkyl, Aryl AralkyI, Halogen, Amino, Alkylamino, Afyiannino, Aralkylamino, Cyano, CyanoalkyI, Alkoxy. 
Aryloxy, Aralkyloxy, Alkylthio, Arylthio, Aralkytthio, wahlweise substituiertes Indolinyl oder Indolyl, Pyrrolidinyl 
Oder Piperazinyl ist; und 

(h) G Wasserstoff, Halogen, NiederalkyI, Niederalkoxy oder NIederalkylthio ist; 

Oder ein pharmazeutisch annehmbares Salz davon; mit der MaBgabe, daB; wenn A Sauerstoff ist, D OxadlazoiyI, 
Triazolyl oder Triazlnyl ist und E und G beide Wasserstoff sind, dann F nlcht Amino ist, wobei das Verfahren das 
Umsetzen einer Verbindung der Forme!: 




worin A und 6' wie oben definiert sind und Z ein Halogen ist, mit einer Verbindung der Formel: 




worin E, D und G wie oben definiert sind und Z' ein Habgen ist, zum Erfialt einer Verbindung der Formel: 




X 



und das EntschOtzen der Verbindung zur Bereltstellung einer Verbindung der Formel 1 umfaBt. 
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4. Verfahren gemaB mindestens einem der AnsprOche 1 bis 3. worin A Sauerstoff ist. 

5. Verfahren gemaft mindestens elnem der Anspruche 1 bis 4, worin F Halogen Oder eine Amino-, All^lamino-, Aryl- 
amino-, Aralkylamino-, Alkylthio-, Arylthio-, Aikyi-, Aryl- Oder Aralkylgruppe ist. 

5 

6. Verfahren gemaB mindestens einem der Anspruche 1 bis 5, worin G Wasserstoff ist. 

7. Verwendung einer Verbindung gemaB mindestens einem der Anspruche 1 bis 6 bei der Herstellung eines Medi- 
kamentes zur Verwendung bei einem Verfahren der medizinischen Behandlung durch chirurgischen Eingriff, The- 

10 rapie oder Diagnose beim menschlichen Oder tierischen Korper. 

8. Ven^/endung einer Verbindung gemaB Anspruch 7 bei der IHersteitung eines Medikamentes zur Verwendung bei 
der Steigerung von Adenosinspiegel in einem Sauger. 

IS 9. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren der Steigerung lokaler Spiegel an Adenosin um Zellen mit einem unerwOnscht niedrigen Verhalt- 
nis von Synlhese an Adenosintriphosphat/Abbau an Adenosintriphosphat. 

10. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
20 einem Verfahren der Behandlung oder Vorbeugung bzw. Verhinderung einer kardiovaskularen Storung in einem 

Sauger, wo eine Verletzung oder Dysfunktion Ischamie, Reperfusion oder Arrhythmie verursacht oder durch diese 

verursacht wird. 

11. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur VenA/endung als 
25 unterstutzende Therapie mit einer Vorgehensweise in einem Sauger zum Schutz des Herzens. 

12. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
elnem Verfahren zur Verhinderung oder Verringerung von Reperlusionsverletzung bei einem Gewebe oder Orga- 
nlsumus in einem Sauger, gefolgt von unterbrochenem oder vermindertem BlutfluB zu dem Gewebe oder Orga- 

30 nismus. 

13. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Verhinderung oder Verringerung von Blutplattchenaggregation in einem Sauger. 

3S 14. Venvendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Verhinderung oder Verringerung von Entzundungsreaktionen in einem Sauger. 

15. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Behandlung eines Patienten mit einem chronisch niedrigen oder unzureichenden Adenosin- 

40 Spiegel, oder welcher aus einem erhohten Adenosinspiegel des Zentralen Nervensystems Nutzen Ziehen wurde. 

16. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Erzeugung von Skelettmuskel-Retaxation oder zur Verhinderung von Skelettmuskel-Spasmus 
in einem Sauger. 

45 

17. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Forderung eines Schlafzustandes bei einem Patienten. 

18. Venvendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
50 einem Verfahren zur Behandlung von Angst. 

19. Venvendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Verringerung oder Verhinderung von durch Excitotoxizitat veairsachter Nervengewebescha- 
digung in einem Sauger. 

55 

20. Verwendung einer Verbindung gemaB Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Verringerung von mit einer neurodegenerativen Erkrankung in Verbindung stehender Ner- 
vengewebeschadtgung in einem Tier. 
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21. Verwendung einer Verbindung gemaQ Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren zur Behandlung oder Verhinderung von Epilepsie cxier Anfallen bei einem Sauger. 

22. Verwendung einer Verbindung gema3 Anspruch 7 bei der Herstellung eines Medikamentes zur Verwendung bei 
einem Verfahren der Senkung der tokaten Kontraktlon glatter Muskulatur in einem Sauger. 

23. Venvendung einer Verbindung gema3 mindestens einem der Anspruche 9, 11 oder 19 bei der IHerstellung eines 
Medikamentes zu Venvendung bei der Behandlung eines Schiaganfalles. 

24. Venvendung einer Verbindung gema3 Anspruch 14, wobei die Eutzundungsreaktionen Arthritis, Meningitis, Auto- 
immunerkrankung, Darmentzundungserkrankung, Vasculitis, Dernnatitis, Myositis oder Nierenentzundung verur- 



25. Verwendung einer Verbindung mit einem Pyrrolo[2,3-d]pyrimkiin-Gerust oder einem Pyrazolo[3,4-d]pyrimidin-Ge- 
rust und einem ICsQ-Wert von etwa 1 mikromolar oder weniger in einem in Wfro-Adenosin-Kinaseenzym-lnhibiti- 
onstestverfahren bei der Herstellung eines Medikamentes zur Venvendung bei einem Behandlungsverfahren, wie 
in mindestens einem der Anspruch 8 bis 24 definiert. 

26. Verwendung einer Verbindung gemaQ mindestens einem der Anspruche 1 bis 6 bei der Herstellung eines Medi- 
kamentes zur Venvendung bei einem Behandlungsverfahren. wie in mindestens einem der AnsprQch 8 bis 24 
definiert. 

27. Verbindung, welche ein Pyrimidlnderlvat folgender Formel 1st: 



(a) A Sauerstoff, Methylen oder Schwefel ist; 

(b) B' -(CH2)n-B ist, worin n 1 , 2, 3 Oder 4 ist und B Wasserstoff, AlkyL Alkoxy, Amino, Alkylamino, Acylamino, 
Hydrocarbyloxycarbonylamino, MercaptO: Alkylthio, Azido, Cyano, Halogen ist, oder B' Alkenyl oder Alkinyl ist; 

(c) Ci und C2 jeweils unabhangig Wasserstoff, Acyl, Hydrocarbyloxycarbonyl sind oder zusammengenommen 
einen 5-gliedrigen Ring bilden, worin eine Einfachbindung zu C2 ist und C2 Carbonyl oder a-Alkoxyalkyliden 

ist; 



sachen. 




C10 oej 



wonn: 



(d)X 



D 




ist und Y -N= oder 
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I 

ist; 

(e) D Wasserstoff, Halogen. AlkyI, Aryl, AralkyI, Alkenyl, Alkinyl, HafogenalkyI, Cyano, Cyanoalkyl. Acyl, Car- 
boxamido. eine Carbonsaure- Oder eine Carbonsaureestergruppe, Alkoxy. Aryloxy, Aralkyloxy. Alkylthio, 
Arylthio, Aralkylthio, Amino, Alkylamino, Arylamino, Aralkylamino, Acylamino Oder Nitro ist; 

(f) E Wasserstoff, Halogen, Alkyl Oder Alkylthio ist; 

(g) F Alkyl, Aryl, AralkyI. Halogen, Amino, Alkylamino. Arylamino, Aralkylamino, Cyano, Cyanoalkyl. Alkoxy, 
Aryloxy, Aralkoxy, Alkylthio, Arylthio, Aralkylthio; wahlweise substituiertes Indollnyl Oder Indolyl; Pyrrolidinyl 
Oder Piperazinyl ist; und 

(h) G Wasserstoff, Halogen, NIederalkyI, NIederalkoxy, Niederalkylamino oder Niederalkylthio Ist; 
Oder ein pharnr^zeutisch annehmbares Salz davon; mit der MaRgabe, daB: wenn A Sauerstoff ist und 

(i) X 



0 



ist und Y 




ist, dann, wenn B' Methyl ist, D Halogen, Cyano oder Carboxamido ist und F Amino ist, dann G nicht Wasser- 
stoff ist; Oder, wenn D Wasserstoff ist, dann F nicht Amino ist; oder 
(il)X 



D 




ist und Y -N= ist, wenn B Wasserstoff oder Halogen ist, D und G Wasserstoff sind, dann F nicht Amino ist; 
Oder wenn A Methylen ist, X 

I 



ist, Y 

s 

I 
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1st. B, D, E und G Wasserstoff sind, dann F nicht Amino ist. 
Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, MC, NL, PT, SE 

1. Compost qui est un d6riv6 de pyrimidine, de formule : 




dans laquelle : 

(a) A represente un atome d'oxygene, un groupe methylene ou un atome de soufre ; 

(b) B' represents -(CH2)n-B ou n est 1, 2. 3 ou 4.et B represente un atome d'hydrogene, un groupe alkyle. 
alcoxy, amino, alkylamino, acylamino, hydrocarbyloxycarbonylamino, mercapto, alkylthio, azido, cyano, 
halogeno, ou B' represente un groupe alcenyle ou alcynyle ; 

(c) et C2 repr6sentent chacun ind^pendamment un atome d'hydrogene, un groupe acyle, hydrocarbyloxy- 
carbonyle ou, pris ensemble, torment un cycle a 5 maillons dans lequel C-| represente une liaison simple avec 
C2 et C2 represente un groupe carbonyle ou a-alcoxyalkyliddne ; 

(d) X represente 



D 
I 



et Y represente -N= ou 

E 
I 

-C=; 

(e) D represents un atome d'hydrogene ou d'halogene, un groupe alkyle, aryle, aralkyle, alcenyle, alcynyle, 
halogenoalkyle, cyano, cyanoalkyle, acyle, carboxamido. acide carboxylique ou ester d'acide carboxylique, 
alcoxy, aryloxy, aralkyloxy, alkylthio. aiylthio, aralkylthb. amino, alkylamino. arylamino, aralkylamino, acyla- 
mino ou nitro ; 

(f) E represente un atome d'hydrogene ou d'halogene, un groupe alkyle ou alkylthio ; 

(g) F represents un groupe alkyle, aryle, aralkyle. halogeno, amino, alkylamino, arylamino, aralkylamino, cya- 
no, cyanoalkyle, alcoxy, aryloxy, aralcoxy, alkylthio, arylthio, aralkylthio; indolinyle ou indolyle eventuellement 
substltue ; pyrrolidinyle ou piperazlnyle ; et 

(h) G represente un atome d'hydrogene ou d'halogene, un groupe alkyle interieur, alcoxy inierieur, alkylamino 
inferleur ou alkylthio interieur ; 
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ou un de ses sels pharmaceutiquement acceptables ; 6tant entendu que : lorsque A repr^sente un atome d'oxy- 
gdne et 

(i) X reprteente 

D 
I 

-C- 

et Y reprdsente 

E 
I 

alors, si B' repr^sente un groupe m^thyle, D un groupe hatogdno. cyano ou carboxamido, et F reprdsente un 
groupe amino, G ne peut pas repr6senter un atome d'hydrog6ne ; ou si D repr^senle un atome d'hydrog6ne, 
alors F ne peut pas etre un groupe amino ; ou 

(ii) X repr6sente 

D 
I 

et Y repr^sente 'N=, si B represente un atome d'hydrogene ou d'halogene, D et G representent chacun un 
atome d'hydrogene, alors F ne peut pas §tre un groupe amino ; ou lorsque A represente un groupe methylene. 

X represente 

/ 

D 
I 

Y represente 

E 
I 

-c=, 

8, D, E et G representent un atome d'lnydrogdne, alors F ne peut pas etre un groupe amino. 
Compose qui est un derive de pyrimidine de fomnule : 
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F 




dans laquelie : 



(a) A represente un atome d'oxygenG: un groupe methylene ou un atome de soufre ; 

(b) B' repr6sente -(CHgln-B ou n est 1 , 2, 3 ou 4 et B represente un groupe hydroxy, acyloxy, hydrocarbyloxy- 
carbonyloxy. ou -OCONRg ou chaque R represente independamment un atome d'hydrogene ou un groupe 
hydrocarbyle ; 

(c) Ci et C2 representent chacun independamment un atome d'hydrogene, un groupe acyle, hydrocarbyloxy- 
carbonyle ou, pris ensemble, torment un cycle k 5 malllons dans lequel represente une liaison simple avec 
C2 et Cg represente un groupe carbonyle ou a-alcoxyalkylid6ne ; 

(d) X represente 



et Y represente -N= ; 

(e) D represente un groupe halogeno, aryle ou aralkyle ; 

(f) F represente un groupe alkyle, aryle: aralkyle, halogeno, amino, alkylamino, arytamino, aralkylamino, cyano, 
cyanoalkyle, alcoxy, aryloxy, aralcoxy, alkylthio, arylthio, aralkylthio, indolinyle ou indolyle eventuellement 
substltue, pyrrolidinyle ou pip6razinylG ; et 

(g) G represente un atome d'hydrogene ou d'halogene, un groupe alkyle inf erieur. alcoxy Inierieur ou alkylthio 
inferieur ; ou un de ses sels pharmaceutiquement acceptabies ; 

etant entendu que, lorsque A represente un atome d'oxygene et D un atome d'halog&ne, alors F ne peut pas 
§tre un groupe amino. 

Compose qui est un derive de pyrimidine, de formule : 



D 



-C= 



F 




C1O OC2 



dans laquelie : 
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(a) A repr6sente un atome d'oxygene, un groupe methylene ou un atome de soutre ; 

(b) B' repr6sente -(CH2)n-B ou n est 1. 2, 3 ou 4 at B represents un groupe hydroxy, acyloxy, hydrocarbyloxy- 
carbonyloxy, ou -OCONR2 ou chaque R repr^sente ind6pendamment un atome dTiydrogene ou un groupe 
hydrocarbyle ; 

5 (c) et C2 repr6sentent chacun ind6pendamment un atome d'hydrog6ne, un groupe acyle, hydrocarbytoxy- 

carbonyle ou, pris ensemble, torment un cycle a 5 maillons dans iequel repr^sente une liaison simple avec 
Cg et C2 repr6sente un groupe carbonyle ou a-alcoxyalkylid6ne ; 
(d) X represente 

10 

D 



75 

et Y represente 

E 



(e) D represente un groupe aryle ou aralkyle ; 

(f) E represente un atome d'hydrogene. d'halogene, un groupe alkyte ou alkylthio ; 

2S (g) F represente un groupe alkyle, aryle, aralkyle, haiogeno. amino, alkylamino, arylamino, aralkylamino, cya- 

no, cyanoafkyle, alcoxy, aryloxy, aralkyloxy, alkylthio, arylthb, aralkylthio, Indolinyleou indolyle eventuellement 
substrtue. pyrrolidinyle ou piperazinyle ; et 

(h) G repr6sente un atome d'hydrogene, d'halogene, un groupe alkyle infdrieur, alcoxy infdrieur ou alkylthio 
inf^rieur ; ou un de ses sets pharmaceutiquement acceptables ; 

30 

6tant entendu que : lorsque A represente un atome d'oxygene, D est un groupe oxadiazolyle, triazolyle ou triazinyle, 
et E et G sont tous les deux un atome d'hydrogene, alors F ne peut pas etre un groupe amino. 

4. Compose selon Tune quelconque des revendications 1 a. 3. dans Iequel A est un atome d'oxygene. 

35 

5. Compose selon Tune quelconque des revendications 1 a 4, dans Iequel F represente un atome d'hatogene ou un 
groupe amino, alkylamino, arylamino, aralkylamino, alkylthio, arylthio, alkyle, aryle ou aralkyle. 

6. Compose selon I'une quelconque des revendications 1 a 5, dans Iequel G represente un atome d'hydrogene. 

40 

7. Compose tel que revendiqu6 dans I'une quelconque des revendications 1 k 6, destine ^ etre utilise dans une 
methode de traitement medical par chirurgie, de th6rapie ou de diagnostic sur le corps humain ou animal. 

8. Compose tel que revendique selon la revendication 7, destine k etre utilise pour eiever les taux d'adenosine chez 
4S un mammifere. 

9. Compose selon la revendication 7, destine k etre utilise dans une methode sen/ant a eiever localement les taux 
d'adenosine autour de cellules ayant un faible rapport indesirable de synthese d'adenosine-triphosphate / decom- 
position d'adenosine-triphosphate. 

so 

10. Compose selon la revendication 7, destine k etre utilise dans une methode de traitement ou de prevention d'un 
trouble cardiovasculaire chez un mammifere, lorsqu'une lesion ou un dysfonctlonnement provoque, ou est provo- 
que par, une ischemie, une reperfuslon ou une arythmie. 

ss 11. Compose selon la revendication 7, destine k etre utilise conrvne traitement d'appoint pour la protection du coeur 
chez un mammifere. 

12. Compose selon la revendication 7, destine k etre utilise dans une methode de prevention ou de diminution de 
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lesions provoqu^es par la reperfusion dans un tissu ou organisme chez un mammifere, apr&s une Irrigation inter- 
rompue ou dimlnuee de ce tissu ou organisme. 

13. Compose selon la revendtcation 7, destine k etre utilise dans une mdthode de prevention ou de diminution de 
5 I'agr^gation plaquettaire chez un mammlffere. 

14. Compost selon la revendication 7,.destin6 a dtre utilise dans une m6thode de prevention ou de diminution des 
reactions inflammatoires chez un mammifere. 

10 15. Compose selon la revendication 7, destiny a etre utilise dans une methode de traitement d'un patient ayant un 
taible taux chronique ou insuffisant d'ad^nostne, ou pour qui un taux accru d'addnosine dans le syst6me nerveux 
central serait profitable. 

16. Compose selon la revendication 7, destine a etre utilise dans une methode produisant une relaxation des muscles 
IS du squelette ou prevenant des spasmes des muscles du squelette chez un mammifere. 

17. Compose selon la revendication 7, destine a etre utilise dans une methode favorisant un etat de sommeil chez un 
patient. 

20 18. Compost selon ia revendication 7, destin6 ^ etre utilis6 dans une m6thode de traitement de I'anxi^t^. 

19. Compose selon la revendication 7, destine a etre utilise dans une methode de reduction ou de prevention de 
lesions du tissu nen/eux provoquees par I'excftotoxicite chez un mammifere. 

25 20. Compose seton la revendication 7, destine a etre utilise dans une methode de diminution des lesions du tissu 
nerveux liees k une maladie neurodegenerative chez un animal. 

21 . Compose seton la revendication 7, destine a etre utilise dans une methods de traitement ou de prevention de 
repilepsie ou de crises chez un mammifere. 

30 

22. Compose selon la revendication 7, destine k dtre utilise dans une methode de diminution de la contraction locate 
des muscles lisses chez un mammifere. 

23. Compose selon Tune quelconque des revendicatbns 8. 12 ou 19, destine k etre utilise dans le traitement d'une 
35 ■ accident vasculaire c6r6bral: 

24. Compose selon la revendication 14, destine aux reactions inflammatoires provoquant de I'arthrite, une menlngite, 
une maladie autoimmune, une maladie inftammatoire des intestins, une vascularite, une dermatose, une myosite 
ou une inflammation renale. 

40 

25. Utilisation d'un compose ayant un squelette pyrrolo[3,4-d]-pyrimidine ou un squelette pyrazole[3,4-d]-pyrimidine 
ayant une CIgQ de 1 micromolaire ou inf erieure, dans une methode de test in vitro d'inhibition de I'enzyme adenosine 
kinase, pour la fabrication d'un medicament destine k dtre utilise dans une methode de traitement telle que def inie 
selon Tune quelconque des revendications 6 k 24. 

4S 

26. Utilisation d'un compose tei que revendique selon Tune quelconque des revendications 1 k 6, dans la fabrication 
d'un medicament destine a etre utilise dans une methode de traitement telle que detinie selon I'une quelconque 
des revendications 8 k 24. 

so 27. Utilisation selon la revendication 25 ou 26, dans laquelle le medicament est destine a etre utilise comme agent 
anti-inflammatoire. 

28. Utilisation selon la revendication 27, dans laquelle le compose redult d'au moins 20 % la nrvoyenne totale de Toe- 
deme de la patte arriere a une dose de 300 mg/kg jour ou inferieure, dans une methode de test d'inflammation in 
ss vivo. 
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Revendications pour les Etats contractants suivants : ES, GR 

1. Proc6d6 de preparation d'un compos6 qui est un d6riv6 de pyrimidine. de formule : 



.A 





N 



C^0 OCz 



dans taquelle : 



(a) A repr^sente un atome d'oxyg^ne, un groupe methylene ou un atome de soufre ; 

(b) B' repr^sente •{CH2)n'B ou n est 1 , 2, 3 ou 4 et B repr^sente un atome d'hydrog^ne, un groupe alkyle. 
alcoxy, amino, alkylamino, acylamino. hydrocarbyloxycarbonylamino, mercapto, alkylthio, azido, cyano, 
halogeno, ou B' reprdsente un groupe alcenyle ou alcynyle ; 

(c) et C2 representent chacun independamment un atome d'hydrogene, un groupe acyle, hydrocarbyloxy- 
carbonyle ou, pris ensemble, torment un cycle a 5 maillons dans lequel represente une liaison simple avec 
C2 et C2 represente un groupe carbonyle ou a-alcoxyalkyliddne ; 

(d) X represente 



D 
I 



et Y represente -N= ou 



E 
I 



(e) D represente un atome d'hydrogene ou d'halogene, un groupe alkyle, aryle, aralkyle, alcenyle, alcynyle, 
halog^noalkyle, cyano, cyanoalkyle, acyle, carboxamido, acide carboxylique ou ester d'acide carboxylique, 
alcoxy, aryloxy, aralkytoxy, alkylthio, arylthio, aralkylthio, amino, alkylamino, arylamino, aralkylamino, acyla- 
mino ou nitro ; 

(f) E represente un atome d'hydrogene ou d'halogene, un groupe alkyle ou alkylthio ; 

(g) F represente un groupe alkyle, aryle, aralkyle, halogeno, amino, alkylamino, arylamino, aralkylamino, cya- 
no, cyanoalkyle, alcoxy, aryloxy, aralcoxy, alkylthio, arylthio, aralkylthio; indolinyle ou Indolyle 6ventuellement 
substitud ; pyrroiidinyle ou pip^razinyle ; et 

(h) G represente un atome d'hydrogene ou d'halogene, un groupe alkyle interieur, alcoxy inferieur, alkylamino 
interleur ou alkylthio interieur ; 

ou un de ses sals pharmaceutiquement acceptables ; etant entendu que : lorsque A represente un atome d*oxy- 
gene et 
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(i) X repr^sente 



D 
I 



et Y repr^sente 



E 
I 

-c=, 

alors, si B' repr6sente un groupe m6thyle, D un groupe halog6no, cyano ou carboxamido, et F repr6sente un 
groupe amino, G ne peut pas representer un atome d'hydrogene; ou si D represente un atome d'hydrogene, 
alors F ne peut pas 6tre un groupe ainino ; ou 
(ii) X represente 

D 
I 

-C= 

et Y represente -N=:, si B represente un atome d'hydrogene ou d'halogene, D et G representent chacun un 
atome d'hydrogene, ators F ne peut pas etre un groupe amino ; ou iorsque A represente un groupe methylene, 
X represente 

D 
I 

-c=, 

Y represente 



E 
I 

-c=. 

B, D, E et G representent un atome d'hydrogene, alors F ne peut pas etre un groupe amino, ledit procede 
comprenant la reaction d'un compose de formule : 



z 




0,0 OC2 
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dans laquelle Z represente un atome d'halogene et A, B', C^, C2, G et X sont tels que d6finis ci-dessus ou 
sont sous une forme protegee, et Y represente -N=, avec un agent nucleophile approprid et, si n^cessaire, la 
deprotection du produit pour former un compose de formule I dans laquelle Y represente -N= ; ou ledit proc^de 
comprenant la reaction d'un compose de formule : 




dans laquelle A et B' sont tels que ddfinis ci-dessus et Z represente un atome d'halogene, avec un compose 
de formule : 




dans laquelle D et G sont tels que definis ci-dessus et Z' est un atome d'halogene, pour donner un compose 
de fomiule : 




et la deprotection du compose pour fournir un compose de formule I dans laquelle Y represente 



i 

-c=. 

Proc^dS de preparation d'un compost qui est un d^rivd de pyrimidine de fonmule : 
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CiO OC2 



dans laquelle : 



(a) A represente un atome d'oxygene, un groupe methylene ou un atonne de soufre ; 

(b) B* repr6sente -(CHgjn-B ou n est 1 , 2, 3 ou 4 at B represente un groupe hydroxy, acyloxy, hydrocarbyloxy- 
carbonyloxy, ou -OCONR2 oCi chaque R repr6sente ind6pendamment un atome d'hydrogene ou un groupe 
hydrocarbyle ; 

(c) Ci at C2 representent chacun inddpendamment un atome d'hydrogene, un groupe acyla, hydrocarbyloxy- 
carbonyie ou, pris ensemble, torment un cycle h 5 maiilons dans lequel represente une liaison simple avec 
C2 et C2 represente un groupe carbonyie ou a-alcoxyalkytidene ; 

(d) X represente 



et Y represente -N= ; 

(e) D represente un groupe halogeno, aryle ou aralkyle ; 

(f ) F represente un groupe alkyle, aryle, aralkyle, halogeno, amino, alkylamino, arylamino, aralkylamino, cyano, 
cyanoalkyle, alcoxy, aryloxy, aralcoxy, alkylthio, arylthlo, aralkylthio, indolinyle ou indolyle eventuellement 
substltue, pyrrolidlnyle ou piperazinyle ; et 

(g) G represente un atome d'hydrogene ou d'halogene, un groupe alkyle inteheur, alcoxy Inferieur ou alkylthio 
inferieur ; 

ou un de ses sals pharmaceutiquement acceptables ; 

etant entendu que: lorsque A represente un atome d'oxygene et D un atome d'halogene, alors F ne peut pas 
etre un groupe amino, ledit procede comprenant la reaction d'un compose de formula : 



dans laquelle Z est un atome d'halogene et A, B', C^, C2. Q, X et Y sont tels que definis ci-dessus ou sont 
sous une forme protegee, avec un agent nucieophile approprie et, si necessaire, la deprotection du produit 




C1O OC2 
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pour former un compose de formuie I. 
Precede de preparation d'un compose qui est un deriv6 de pyrimidine. de formuie : 



F 




CtO OC2 



dans laqueile : 

(a) A represente un atome d'oxygene, un groupe methylene ou un atome de soufre ; 

(b) B' repr6sente -(CH2)n-B ou n est 1 , 2, 3 ou 4 et B represente un groupe hydroxy, acyloxy, hydrocarbyloxy- 
carbonyloxy, ou •OCONR2 ou cheque R represente ind^pendamment un atome d'hydrogene ou un groupe 

hydrocarbyle ; 

(c) C-j et C2 representent chacun independamment un atome d'hydrogene, un groupe acyle, hydrocarbyloxy- 
carbonyle ou, pris ensemble, torment un cycle a 5 maillons dans lequel reprdsente une liaison simple avec 
C2 et C2 represente un groupe carbonyle ou a-alcoxyalkylldene ; 

(d) X represents 



D 
I 



et Y represente 

E 
I 

C=; 

(e) D represente un groupe aryle ou aralkyle ; 

(f) E represente un atome d'hydrogene, d'halogfene, un groupe alkyle ou alkylthio ; 

(g) F represente un groupe alkyle. aryle, aralkyle, halogeno, amino, alkylamino, arylamino, aralkylamino, cya- 
no, cyanoalkyle, alcoxy, aryloxy, aralkyloxy, alkylthio, arylthio, aralkylthio, Indollnyleou indolyle 6ventuellement 
substitue, pyrroiidinyle ou piperazinyle ; et 

(h) G represente un atome d'hydrogene, d'halogene, un groupe alkyle Inf6rieur. alcoxy inferieur ou alkylthio 
inferieur ; 

ou un de ses sels pharmaceutiquement acceptables ; etant entendu que: lorsque A represente un atome d'oxy- 
gene, D est un groupe oxadiazolyle, triazolyle ou trtazinyle, et E et G sont tous les deux un atome d'hydrogene, 
alors F ne peut pas etre un groupe amino, ledit precede comprenant la reaction d'un compose de formuie : 
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s 




10 dans laquetle A et B' sont tels que definis ci-dessus et Z est un atome d'haiogene, avec un compose de formule : 



IS 




20 

dans iaquelle E, D et G sont tels que definis ci-dessus et Z' est un atome d'haiogene, pour donner un compost, 
de fomnule : 



2S 



30 



' 35 




et la deprotectlon du compose pour foumir un compost de formule 1. 

40 4. Proc6de salon I'une quelconque des revendications 1 k 3, dans lequel A est un atome d'oxygene. 

5. Proced6 sebn Tune quelconque des revendications 1 h 4, dans lequel F repr6sente un atome d'haiogene ou un 
groupe amino, alkylamino, arylamino, aralkylamino, alkylthio, arylthio, alkyle, aryle ou aralkyle. 

<s 6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel G repr6sente un atome d'hydrogene. 

7. Utilisation d*un compost tel que revendiqu^ dans Tune quelconque des revendications 1^6, dans la fabrication 
d*un medicament destine k §tre utilise dans une methode de traitement medical par chlrurgie, de therapie ou de 
diagnostic sur le corps humain ou animal. 

so 

8. Utilisation d'un compose telle que revendiquee k la revendication 7. dans la fabrication d'un medicament destine 
k etre utilise pour eiever ies taux d'adenosine chez un mammifdre. 

9. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine k etre utilise dans 
ss une methode servant k eiever localement Ies taux d'adenosine autour de cellules ayant un faible rapport indesirable 

de synthese d'adenosine-triphosphate/decomposition d'adenosinetriphosphate. 



10. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine a etre utilise dans 
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une m§thode de traitement ou de prevention d'un trouble cardiovasculaire chez un mammitere, lorsqu'une l6slon 
ou un dysfonctionnement provoque. ou est provoque par, une ischemie, une reperfusion ou une arythmie. 

11 . Utilisation d'un composd selon la revendication 7, dans la fabrication d'un nn^icament desttnd k dtre utilise comma 
5 traitement d'appoirit pour la protection du coeur chez un mammiffere. 

12. Utilisation d'un compost selon la revendication 7, dans la fabrication d'un medicament destine k etre utilise dans 
une methode de prevention ou de diminution de tesions provoquees par la reperfusion dans un tissu ou organisme 
Chez un mammitere, aprds une irrigatton interrompue ou diminuee de ce tissu ou organisme. 

10 

13. Utilisation d'un compose selon la revendication 7. dans la fabrication d'un medicament destine k etre utilise dans 
une methode de prevention ou de diminution de I'agregation plaquettaire chez un mammifere. 

14. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine a etre utilise dans 
IS une methode de prevention ou de diminution des reactions inflammatoires chez un mammifere. 

15. Utilisation d'un compose selon la revendication 7. dans la fabrication d'un medicament destine a etre utilise dans 
une methode de traitement d'un patient ayant un faible taux chronique ou insuffisant d'adenosine, ou pour qui un 
taux accru d'adenosine dans le systeme nerveux central serait profitable. 

20 

16. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine a etre utilise dans 
une methode produisant une relaxation des muscles du squelette ou prevenant des spasmes des muscles du 
squelette chez un mammifdre. 

25 17. utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine a etre utilise dans 
une methode favorisant un etat de sommeil chez un patient. 

18. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine k etre utilise dans 
une methode de traitement de I'anxiete. 

30 

19. Utilisation d'un compose selon la revendication 7. dans la fabrication d*un medicament destine k etre utilise dans 
une methode de reduction ou de prevention de lesions du tissu nerveux provoquees par I'excitotoxicite chez un 
mammifere. 

35 20. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine k etre utilise dans 
une methode de diminution des lesions du tissu nerveux liees k une maladie neurodegenerative chez un animal. 

21. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine k etre utilise dans 
une methode de traitement ou de prevention de repilepsie ou de crises chez un mammifere. 

40 

22. Utilisation d'un compose selon la revendication 7, dans la fabrication d'un medicament destine k etre utilise dans 
une methode de diminution de la contraction locale des muscles tisses chez un mammifere. 

23. Utilisation d'un compose selon I'une quelconque des revendications 9, 11 ou 1 9, dans la fabrication d'un medica- 
45 ment destine a etre utilise dans le traitement d'une accident vasculaire cerebral. 

24. Utilisation d'un compose selon la revendication 1 4. destinee aux reactions inflammatoires provoquant de I'arthrite. 
une meningite. une maladie autoimmune, une maladie inflammatoire des intestins, une vascularite, une dermatose, 
une myosite ou une inflammation renale. 

so 

25. Utilisation d'un compose ayant un squelette pyrrolo[3,4-d]'pyrimidine ou un squelette pyrazolo[3,4-d]-pyrimidine 
ayant une CI5Q environ 1 micromolaire ou interieure. dans une methode de test in vitro d'inhibition de I'enzyme 
adenosine kinase, pour la fabrication d'un medicament destine k etre utilise dans une methode de traitement telle 
que definie selon Tune quelconque des revendications 8 k 24. 

55 

26. Utilisation d'un compose tel que revendique selon I'une quelconque des revendications 1 a 6, dans la fabrication 
d'un medicament destine k etre utilise dans une methode de traitement telle que definie selon I'une quelconque 
des revendications 8 k 24. 
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27. Compost qui est un derivd de pynmidine de formule : 



F 




CiO OC2 

dans laqueile : 

(a) A represente un atome d'oxygene, un groupe methylene ou un atome de soufre ; 

(b) B' represente -(CH2)n-B ou n est 1 , 2, 3 ou 4 et B represente un atonne d'hydrogdne, un groupe alkyle, 
alcoxy, amino, all^ylamino, acylamino, hydrocarbyloxycarbonylamino, mercapto, alkylthio, azido, cyano, 
halogeno, ou B* repr6sente un groupe alc6nyle ou alcynyle ; 

(c) et C2 representent cliacun ind^pendamnfient un atome d'hydrog^ne, un groupe acyle, hydrocarbyloxy- 
carbonyle ou, pris ensemble, forment un cycle a 5 mailions dans lequel Ci represente une liaison simple avec 
C2 et C2 represente un groupe carbonyle ou a-alcoxyalkylidene ; 

(d) X represente 



D 
I 

et Y represente -N= ou 

E 
I 

-C= ; 

(e) D represente un atome d'hydrog^ne. d'halog^ne, un groupe alkyle; aryle, aralkyle, alcenyle, alcynyle, 
halogenoalkyle, cyano, cyanoalkyle, acyle, carboxamldo, aclde carboxylique ou ester d'acide carboxylique, 
alcoxy, aryloxy, aralkyloxy, alkylthio, arylthio, aralkylthio, amino, alkylamino, arylamino, aralkylamino, acyla- 
mino ou nitro ; 

(f) E represente un atome d'hydrogene, d'halogene, un groupe alkyle ou alkylthio ; 

(g) F represente un groupe alkyle, aryle, aralkyle. halog6no, amino, alkylamino, arylamino, aralkylamino, cya- 
no. cyanoalkyle, alcoxy aryloxy, aralcoxy, alkylthio, arylthio, aralkylthio; indoiinyle ou indolyle eventuellement 
substitue ; pyrrolidinyle ou piperazinyle ; et 

(h) G represente un atome d'hydrogene, d'halogene, un groupe alkyle inf6rieur, alcoxy Inferieur, alkylamino 

inferieur ou alkylthio inferieur ; 

ou un de ses sels pharmaceutiquement acceptables ; etant entendu que : iorsaue A represente un atome d'oxy- 
gene et 

(i) X represente 
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10 



30 



3S 



et Y repr^sente 



D 

I 

-C= 



E 
I 

-C=. 



alors, si B' repr^sente un groups mdthyle, D un groupe halogdno, cyano ou carboxyamido, et F reprdsente 
un groupe amino, G ne peut pas representer un atonne d'hydrogene ; ou si 0 represente un atome d'hydrog^ne, 
IS alors F ne peut pas etre un groupe amino ; ou 

(ii) X represente 

D 

20 I 

et Y repr6sente -N=. si B repr§sente un atome d'hydrogfene ou d'halogfene, D et G repr6sentent chacun un 

atome d'hydrogene, alors F ne peut pas etre un groupe amino ; 
2S ou lorsque A represente un groupe methylene, X represente 

D 
I 

Y represente 

E 
I 

-C=, 

B, D, E et G representent un atome d'hydrogene, alors F ne peut pas etre un groupe amino. 

40 



45 



SO 



£5 
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Figure 1 
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Figure 2 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 8 
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Figure 9 
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FIGURE 10 
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